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the result. 

The translator wishes to express thanks to Dr. 
John F. Connors for valuable aid given in prepara- 
tion of the manuscript and for his advice and friendly 
support. 

The publisher is to be congratulated upon giving 
the English-speaking practitioner an opportunity to 
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properly regarded as setting a high standard of 
literary and artistic production. 
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The Surgery of the Brain 



INTRODUCTION 



The combined efforts of anatomists, physiologists 
and neurologists have made possible the rapid ad- 
vances in brain surgery. More accurate diagnoses 
have justified invasion of a heretofore unexplored 
domain, one which until twenty years ago was re- 
garded as inaccessible to operative technique. How- 
ever, it is proper to state that the possibilities in this 
direction have not yet been exhausted. While within 
recent years E. v. Bergmanriy the German pioneer in 
brain surgery, led the way, invading the most impor- 
tant field, that of removal of neoplasms from the 
motor areas, we consider at present all portions of 
the cerebrum and cerebellum, the surfaces of which 
are susceptible of exposure as subject to legitimate 
operative attack. Per contra it is to be noted that 
tumors of the basal ganglia and medulla oblongata 
are still regarded as inaccessible to surgical manipu- 
lations. 

In submitting herein my experiences in the sur- 
gery of the central nervous system I do not attempt 
to ofi^er a text-book. Indeed, it would ill befit my 
oflSce as a surgeon to invade a domain so manifestly 
that of the internist and neurologist. I endeavor, 
therefore, only to present numerous illustrations from 
nature w^hich are destined to constitute an accurate 
picture of the status of the surgery of the brain and 
spinal cord as it stands at this writing, together with 
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Th:e Sitrgeby of the Brain 



detailed clinical histories of cases and abstracts of 
my theme from the view-point of the clinician, 

In order to obviate the disadvantages of this devia- 
tion from usual custom, I have divided the subject 
matter into chapters and subdivisions and added an 
exhaustive aljihabetical register. A thorough peru- 
sal of the latter is recommended. 

Our discussion begins with that of the useful 
methods of 

Trephining 

Approach to the brain is obtained by means of 
solution of continuity of the skull. The operation 
of trephining is one of the oldest measures known 
to surgery, and originates from prehistoric times, A 
study of the specimens in the Berlin ethnographie 
museum shows that the uncivilized races employed 
the measure, and tliough the tech iiif pie must have 
been faulty enough, the outcome of cumbersome 
armamentarium, it is evident that favorable results 
were not uncommon. 

Judging from the deposit of new^ bone surrounding 
the trephine opening it is fair to assume that a num- 
ber of cases survived for a considerable [lerio^l of 
lime the operation. It is, of course, impossible to 
state what percentage of recoveries? occurred, Stilh 
&e operation of trephining was utitil the mid^lle of 
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of head injuries which have come under my obser- 
vation. Indeedy I have regarded the operation as a 
certain method of killing my "patient. In these cases 
the problem was restricted to lesions of traumatic 
origin which had left visible signs, leaving no doubt 
as to the location to be attacked. Brain surgery of 
to-day presents, however, the problem of recognizing 
lesions by methods of localization by symptoms, 
based On a knowledge of cerebral localization and 
involves opening of the unaltered skull, displace- 
ment of the dura and invasion of the brain sub- 
stance in search of diseased areas. 

The advent of asepsis, as in all operative endeavor, 
marked an epoch in the surgery of the brain. In- 
deed, as the result of its employment, Richard Volk- 
maun through Leser reported twenty-three years ago, 
thirty-six cases of trephining for injury to the skull 
without a death traceable to the operation itself. 
The aseptic method of wound treatment engenders 
to-day a degree of security which enables the opera- 
tor to regard trephining as quite devoid of danger. 
One menace, however, remains, i. e., when the extent 
of bone trauma is great such as obtains in wide 
craniectomy, death is likely to occur from collapse 
and severe hemorrhage from the diploe. 

The classic instrument, the trephine, so long em- 
ployed for the purpose of opening the skull, has 
grackially fallen into disuse, except in those instances 
where it is certain that only a restricted area of 
brain tissue need be exposed for the intended pur- 
pose, as for instance, for drainage of the lateral 
ventricle in hydrocephalus inlernus or for the pur- 
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pose of injecting the antitetanus serum. However, 
for these purposes we have now the Doyen burr, 
which meets quite perfectly the indications. As 
there are four sizes of this instrument obtainable it 
is feasible to make the opening of the desired size 
and thus avoid unnecessary trauma to the dura. 

The trephine crown makes but a meager opening 
and permits only of restricted inspection of the brain 
surface, making it necessary to remove several con- 
tiguous areas of skull in order to obtain sufficient 
space for trustworthy inspection and to gain suffi- 
cient exposure for the application of measures of 
relief. Again, the button of bone removed by the 
trephine is sacrificed while, when large bone flaps 
are employed, they may be, and in the writer's 
opinion should be, replaced. 

The osteoplastic method was first employed 
on the human being by IFagfwef-Koenigshuette, 
after the measure had been shown to be feasible on 
the lower animal by J. Wolff. 

Nourishment of the soft parts of the osteoplastic 
flap is obtained through the wide base of the flap, 
which in the majority of instances should be directed 
toward the base of the skull. The lines of incision 
are shown in the illustrations (Fig. 2, page 11, and 
Fig. 10, page 20) and on the various plates. The 
osteoplastic method is employed by the writer in the 
vast majority of cases, the exceptions being few^ and 
are made the subject of special mention in the text. 
The method permits of application together with the 
various other [)rocedures which have been ex- 
ploited within the last few years. 



Temporary Controi. of Hemorrhage 7 

Quite recently the chisel and hammer method was 
still in vogue. Indeed, with these simple instru- 
ments flaps are readily fashioned to suit the taste of 
the operator and meet the indications of the surgical 
problem. However, the cutting of the groove must 
be executed with great care, consumes much time, 
and is attended with considerable loss of blood from 
the diploe. I do not use the chisel because I have 
better instruments at my disposition, but in the event 
of necessity, in case no other trephining instruments 
are available, I regard the chisel and hammer as 
exceedingly useful agents, and employ them under 
these conditions with reasonable assurance of favor- 
able outcome. 

In chiseling the cranium the impact from the 
hammer should not be imparted vertically but tan- 
gent to the skull, in order to obviate as much as pos- 
sible the inevitable concussion conveyed to the brain, 
an objectionable factor which should be eUminated 
from the technique of brain surgery. 

Before entering into a discussion of trephining a 
few remarks are prefaced regarding 

Temporary Control of Hemorrhage, 

as in extensive opening of the skull the loss of blood 
from the scalp is an important matter and may have 
a determining influence upon the outcome of the 
operation. The application of a rubber band or 
rubber tube to the base of the skull does not offer 
sufficient security in this connection, and indeed may 
increase venous hemorrhage. Somewhat more satis- 
factory is the application of a pneumatic tourni- 
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quet^ to the base of the skull as its distention makes 
most complete compression* 

The writer prefers to make compression in the 
immediate vicinity of tlie trej)liine opening, and for 
the purpose regards the methods of von Haidenhain 
and Kredel as meeting more certainly the indications. 

The former' introduces to either side of the con- 
templated lines of incision a continuous suture 
(backstitch) which he draws very tight. These 
sutures are allowed to remain in silu for eight to 
ten days after the ojjeration, and are removed simul- 
taneously with the approxiniation sutures employed 
for holding the edges of the wound in apposition. 
The sutures are introduced with a medium-sized 
half-curved needle^ and the needle is caused to come 
in contact with the largest possible area of bone. 

I apply the suture around the area of projiused 
operation, only on one side (the outer), and inchide 
the base of the flap. (See Plate, observation 1,4.) 
After completion of the operation I make replace- 
ment of the flap and accurate api>osition of the 
edges of the wound with suture of the scalp, aponeu- 
rosis and periosteum * I remove the compression 
sutures before applyiiiS[ the protective dressing. 

Seeonrlary hemorrhage has never occurred, al- 
thf>ngh be it said that all blood -vessels nre caT^- 
fuUy ligatured and the wound carefully cnm]ncssed 
for a considerable time after the aj>proximation 
sutures are introduced. The onlv disadvanta*re ob- 
ser\efl from this method was in a single case in 
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which oedema of the scalp occurred two days after 
an operation, involving ojiening of the central fossa 
of the skull. The swelling extended to the eyelids 
and cheek but subsided spontaneously at the end of 
forty-eight hours, v. Hacker executes the hemo- 
static suturing in much the same manner as the 
writer but uses overlapping button sutures which 
extend over a portion of the base of the flap. 

Haidenhain's hemostatic suture is appHcable to 
all portions of the skull where there is not much mus- 
cular tissue, such as near the neck. At this point it 
is rarely effectual, though a lessening of hemorrhage 
is accomplished by its employment* It will be found 
necessary to deligate several spurting vessels. With 
this exception I have had satisfactory results even in 
operations exposing the cerebellum pro\'ided the 
sutures are deeply introduced and firmly tied. The 
original Haulenhain suture^ which comprises stitches 
on either side of the contemplated lines of incision, 
does not leave sufficient room for the manipulations 
necessary to exposure of the cereV>ellum. 

Another valuable method of control of hemor- 
rhage is that of Kredel,' described as follows: Im- 
mediately contiguous to and distal from the con- 
templated lines of incision, a hea\"y silk suture is 
introduced with a large, flat or slightly curved needle. 
The needle penetrates the scalp and is caused to 
slide along the bone for a distance of from 5 to 7 cm., 
when it is made to emerge. The distance traversed 
is, of course, modified in accord with the size of the 
contemplated flap formation. If the flap is to be a 

* ZmttaMaU fUr Chirurgis, 1906, p. 1137. 
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large one it will be found expedient to emerge the 
needle at half the distance and reenter it somewhat 
backward from the place of exit. The silk ligature 
is now^ firmly tied over a curved metal plate. It is 
wise to make the points of entrance and exit sHghtly 
nearer each other than the length of the metal plate 
so as to be able to make firmer tension on the scalp. 
This procedure is repeated upon all sides of the oper- 
ation field, effectually walling off the area and con- 
trolling quite thoroughly the bleeding. 

The curved metal plates (Fig. 1) measure 1 cm. 
in width, and J cm. in thickness. The length is 
modified to suit the dimensions of the area to be 
denude<^. The lengths most commonly found use- 
ful are the 5 cm. and 7 cm. sizes. To assure close 
apposition to the scalp the plate should be slightly 
bent, the extent of the bend being controlled by the 
situation in which they are to be applied. It is also 
feasible to curve the plates to conform to the inci- 
sions ; how ever, too great a modification of outline in 
this respect interferes with the tension of the suture, 
as the latter has a tendency to exaggerate the bowing 
of the appliance. This may be overcome by encir- 
cling the plate together with the tension suture with 
a stitch encompassing the scalp which attaches 
^^^^^^^^^^^ firmly the appliance. Nicolai, an 
^S^^^^^SSS instrument maker in Hanover, 
Fig. 1 makes the plates with a central 

Kredel Metal Plate perforation which permits of more 
certain fixation as the encircling suture is liable 
to slip, an occurrence which is obviated by pass- 
ing the suture through the opening. 
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In order to possess plates which are applicable to 
all situations on the skull, I have had the appliance 
constructed of pHable tin. I surround tlie entire 
operation field in the form of a cjuadrant with four 




AppHcatinn of the Krcdel Plates f Observation III, *) 
Neuter* i Puncture Puints* XD 1 Leg Center, 2 Arm Center 



long plates (Fig. 2), and in order to control the cir- 
culation at the corners I introduce small tension 
sutures or employ the short metal plates sufj^gested 
by Kredelj as of use during removal of cavernous 
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angiomas. These plates are from 2 cm. to 3 cm. in 
length. 

The effectiveness of the Kredel plates varies; it is 
certain, however, that they are of great sendee in , 
operations upon the skull in situations where there 
is not much muscular tissue. At times, even under 
these circumstances, the method will be found 
effective. In one of my cases of epilepsy the head 
presented a condition of marked cyanosis w^hich ordi- 
narily would have caused considerable hemorrhage 
from the wound ; however, the application of the 
metal plates controlled very effectually the bleeding. 
The bleeding from the scalp was practically nil, 
and that from the bone very slight, 

I have employed the measure unaer exceedingly 
unfavorable conditions* In a case of abscess of the 
frontal lobe I made a quadrilateral osteoplastic flap* 
the base of which was directed toward the left side 
of the forehead. The plates were applied above 
and to either side of the area. The lower side was 
not included, as there was not room enough above 
the eyebrow. Although the control of hemorrhage 
was not complete, it being necessary to deHgate 
three spurting arteries, one of which was at the 
median side, it was evitlent that the procedure was 
considerably aided by employment of the measure. 

In operating on the forehead 1 prefer the Kredei 
method for the reason that scarring i.s less than with 
the Haidenhain measure. In the case of a young 
lady, where I removed a traumatic cortical brain 
cyst, this was an important consideration. The skin- 
bone flap was so fasliioned as to direct its base to the 
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frontal eminence. The patient ultimately recovered 
with two barely perceptible linear scars, which were 
easily concealed beneath the hair. 

I also employ the measure in extirpating the gan- 
glion of Gasser and in exposure of the middle fossa 
of the skull for extirpation of tumors, applying a 
plate above and to either side. Control of the lower 
side is achieved by the introduction of the Haiden- 
Imin suture in a transverse direction immediately 
below the zygoma. In eight cases of extirpation of 
the ganglion the hemorrhage from the soft parts was 
exceedingly moderate after ligature in contiguity of a 
few small blood-vessels, and the bleeding from the 
bone very slight. 

However, in a case of a man of 53, the measure 
failed entirely, and the bleeding was as severe as 
though the precautionary measure had not been em- 
ployed. This may have been the result of uneven 
bone surfaces, upon which, of course, the plates are 
ineffective for obvious reasons. For this reason I 
like to employ a combination of the Kredel and 
Haidenhain methods, as the latter is susceptible of 
universal application and does not interfere with the 
breaking out of the bone flap. 

I have had similar experiences in exposing the 
cerebellum. In this situation the Kredel method will 
rarely be found to control completely the bleeding. 
Of course, oozing from the divided muscles of the 
neck is controlled, but arteries, especially the occipi- 
tal, will bleed quite actively. The latter contingency 
may at times be obviated by the introduction of a 
tension suture at the posterior edge of the sterno- 
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mastoid muscle close to its insertion into the 
skulL 

Formation of the Bone Flap 

After the execution of one of the methods of con- 
trol of bleeding described above, the soft parts are 
incised and tlie knife carried to the bone at once. 
The periosteum is loosened on the flap side of the 
incision with a raspatorium. Irres|>ective of what 
means of opening the skull is employed, the next 
step of the procedure is to make several drill o|>en- 
ings which jjjo down to the dura. For this purpose 
the instruments of Doyen are universally employed. 
The drill shown in Fig. 3 is attaelied to the so-called 
trepliine brace, and a hole is drilled through the skull 
to the dura, which is then enlarge* 1 with the Doyen 
spherical burr (10-13 mm. in diameter, Fig, 4). As 




Fig. s Fig, 4- 

Nafc. Sixe Doffm Drill Nat. Sisie Doyen Bum 

the burr is dull at its ilistal end injury to the dura is 
avoided. 

When fashioning a right-angled flap I am accus- 
tomed to make a drill upening at each of the corners, 
L f-» four openings; when making oblong flaps, as 
in exposure of the middle lobe, six openings; and 
when small flaps are employed* only two ojienings 
are made; also only two openings are employed in 
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situations where the contemplated base of the bone 
flap comprises thin bone, as the bone is readily sec- 
tioned under these circumstances, such as the tem- 
poral region and in exposure of the cerebellum. In 
these instances the base of the flap is directed down- 
ward. Neither the drilling nor the division of the 
bone requires an electric motor. The bone is effectu- 
ally sectioned with a 

Dahlgren Forceps 

In order not to inflict injury upon the dura it must 
be separated from the lamina vitra between the 
drill holes. For this purpose I employ the Braatz 
sound (Fig. 5), which comes in three degrees of cur- 
vature. With this 

instrument the dura ^ -^^^ 

is separated, together ^^^■^^^^^■■^^■^H^H^^ 

with sinus walls, so ^ 

. , Rifrid Braatz Sound 

that the bone section 

can be made with ease and deHberation. I have fre- 
quently thus been able to section the bone across the 
transverse, sigmoid and confluent sinuses without 
injur}' to their walls. Manipulations about the longi- 
tudinal sinus call for the exercise of special care. 

The separation is ac- 
complished by gentle 
p.g^ g pressure upon the dura 

Elastic Br««/r Sound and brain. The pres- 

sure is exercised u[)on 
a small area of dura at a time, and only in the 
immediate vicinity of the burr openings. Should the 
rigid Braatz sound (Fig. 6) be used, as advance is 



16 The StjRGERY of the Beain 

made the [jHable sound should be employed for 
farther separation of the dura. In a large number of 
observations I have never seen unfavorable brain 
compression arise as the outcome of this metliml of 
action* The necessity for preliminary j^epa ration of 
the dura mater from the inner skull surfaee is the 
only disadvantage in the use of the Dahlgren forceps. 
If the bone is hard and thick the i)rolongation 
affixed to the cutting forceps (Fig. 7) is a valuable 
aid, Tlie cutting surface of the forceps is firmly 
pressed against the bone with the left hand upon the 
lever, and the bone is divided with the pressure of 
the right hand. In cases where the bone is inordi- 
nately thick it may be iiecessarj^ for an assistant to 
make pressure upon the lever, and the ojierator use 
both hands to divide the bone; this contingency, 
however, is extremelv rare. In anv event the 
Dahlgren forceps luis sufficed for my work during 
the hist ten years, and only in one instance, in which 
the skull was 2^2 nini. in thickness, was it necessary 
to chisel out a shallow furrow before dividing the 
bone with the forceps. During tliis time the instru* 
nient lirokc only once and, indeed, this occurred in 
the first instance I employed it. A fact which was a 
serious disapj>ointment to me. I place this nirthod 
first in describing the operation because it is, indeed, 
a very good one, is sim|>lc, may lie used upon all por- 
tions of the skulb and does not ref{uire electric motor 
ap[Kiratus, Of co\irse, its uscfidness cleiXMids some- 
what upon the techniriuc of emi>loymcnt. In any 
event tlie writer is able to work very rapidly with the 
Dahlgren forceps. In addition, it is easily sterilissed. 
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a valuable quality in a field where only boiled appa- 
ratus should be employed, and takes up very little 
room. In this connection I have a strong objection 
to the presence of the electrically driven reach-rod, 
despite the fact that it is encased in a sterile pro- 
tector. For this reason I have had my raspatorium 
and other instruments made as short as possible so 



Krause Model 

that the handles are enclosed by the hand to avoid 
extrinsic contact, which is likely to occur with the 
longer instruments. 

Another advantage [)ossessed by the DahUjren for- 
ceps worthy of mention, and one not to be underesti- 
mated, is the fact that it is applicable to all thick- 
nesses of cranium, a desirable quality when it is borne 
in mind how great the variations in this regard are 
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even in restnetefl areas of the skulK Ai^alTu the in- 
strument will section the eranium in either a straight 
or curved direction. 

After the bone flap is sectioned it is lifted with 
wide levers, which are carefully inserted beneath the 
lamina vitra, seized with the Langenheck forceps 
and turned down by fracturing it at its base. If tlie 
cranium is very thick or the base of the flap wide it 
is necessary to nivk the contiguous drill holes with 
the chisel. Before doing this, however, the dura 
must be separated in this situation with the Braatz 
sounds in the same manner as described above. 
The nicking is best accomplished with the Doyen 
chisel (Fig. 8), which has a blunt probe pointed pro- 
jection, rendering less likely injurj^ to the dura. In 
this step of the operation, providetl there be no 
severe hemorrhage from the meningeal arteries or 
veins of the dura, the Gigli wire saw is serviceable. 
In prying up a large l)one flap it will be found that 
because of its elasticity the basal fracture is not 
readily produced. There is now, Iiowever, sufficient 
room to insert the Gigli saw, and slide it to the base 
of the flap. The levers lift the flap from the dura 
and protect it from injurj^ wliilc the base is divided 
from within outward by the saw. I have rarely 
found this step necessary. Indeed, I advise strongly 
against the use of the Gigli wire saw in opening the 
cranium. For in order to employ the wire it is nec- 
essary to place between the l>onc and the dura, from 
one drill opening to another, the Braatz sound, or 
similar instrument, to protect the latter from injury 
while sectioning the bone. This protection is abso- 
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lutely essential, and is, as already stated, objection- 
able, for the presence of the sound or, as is preferred 
by some surgeons, the introduction of a clock spring 
causes undue pressure on the brain substance, which 
may be regarded as dangerous. The pressure may 
be minimized by making a number of drill openings 
at a distance of 2 cm. from each other; this, however, 
prolongs markedly the operation, an important con- 
sideration in trephining large areas. In these cases 
it is a fundamental principle to subject the dura and 
underlying brain to as little pressure as is possible. 
For this reason the gouge forceps, which are used to 
enlarge the opening in the bone, should accomplish 
the bending and breaking of bone fragments in an 
outward direction. 

When the bone flap is turned dow^n the periosteum 
is loosened from the edge of the opening for a dis- 
tance of 1 cm. to facilitate its 
complete displacement. The 
incisions necessary to accom- 
plish this should divert from 
the edge of the opening so as 
to give as wide as possible an 
avenue for the entrance of the 
circulating fluid. The loosen- 
ing of the periosteum as de- 
scribed prevents the portion of 
periosteum covering the flap 
from being dislodged, which 
is exceedingly desirable, as 
the less disturbance of nutrition the flap is sub- 
jected to, the better. This contingency is prevented 
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base (Fig. 10), the latter being somewhat sliorter tlum 
the former. This effectually [Mevents flishirl>Mnee 
of the layers of the flap during tlie operation. 
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It is, however, not necessary to always direct the 
base of the flap downward. It will be seen by the 
illustration, and in the clinical histories, that for 
special reasons I have fashioned the base of the flap 
in various situations, including that of the sagittal 
suture, without causing any disturbance for this 
reason. 

In many hospitals the 

Electrically Driven Trephine Instruments 

are largely employed. Doyen uses a circular saw 
protecting the dura from injur}' by means of a pro- 
jecting shoe. He has applied the method to liemi- 
craniectomy, denuding an entire cerebral hemis- 
phere. The basal attachment of the flap is fashioned 
at the temporal region. This operation involves tre- 
mendous mutilation, one which can be but rarely 
justified. 1 have never seen a case of this sort. E. 
V. Bergvmmi used for the purpose a circular saw 
driven by an electric motor. In earlier years I, too, 
used this method very frequently, employing, how- 
ever, a circular saw with an extended axle which per- 
mitted me to use both hands, so that I was able to 
hold the instrument very steadily despite the concus- 
sion transmitted from the motor. The circular saw 
must be very wide so as to enable the operator to 
scrutinize the groove in the bone as the saw is manip- 
ulated. It is my experience that the hemorrhage 
from bone and diploe is much mere severe when the 
circular saw is used than obtains as the result of em- 
ployment of the Dahlcjren cutting forceps. This is 
no doubt due to the fact that the latter crushes the 



22 



The Surgery of the Beain 



lamina externa and vitrea, which acts as a hema- 
static- The great objection to the use of the cireubir 
saw is the likelihood of injuring the dura. In this 
regard the Sndeck spinal osteotome is much to he pre- 
ferred, with which the sections are made, as the out- 
come of rapid rotations conveyed by the electric 
motor making rapid division of the bone feasible 
without danger of injury to the dura. 

To obviate the objections to the circular saw 
M. BorchanlV .submits a cylindrical burr (Plow burr) 
wiiich is constructed to cut furrows in the bone of 
various depths, the latter being determined by the 
exploratory^ drill openings- The lamina externa and 
diploe only are divided. The instrument digs a 
groove from one drill hole to the other after the 
manner of a plow. The hemorrhage is slight, and 
as the instrument is pushed away from the operator 
the latter is not spattered witli blood, as is the case 
when the circular saw is employed. The lamina 
vitra is ultimately tlivided with tlie chisel, or tlie 
Siidecli spiral osteotome may be used for the purpose. 

Bleeding from the Emissaries and Diploe 

The emissaries are the venous connections be- 
tween the intracranial veins and the scalp. 

In separating the periosteum from the bone it is 
possible to provoke sufficient l>leeding from the 
emissaries to en<hinijer lift\ This is most conimnnlv 
observed in exposure of the [losterior cranial fossa, 
and in the region of the mastoid process and the 
transverse sinus. More rarelv does this obtain in 
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areas situated over the convex surface of the cra- 
nium, though its occurrence is most Ukely in the 
region of the longitudinal sinus. From these open- 
ings, at times of the diameter of a goose quill, venous 
oozing occurs quite menacingly, or at times a brief 
spurt occurs which soon subsides into a steady flow. 
The venous bleeding from the divided diploe is 
rarely dangerous, and is readily controlled with 
gauze compresses. Occasionally the valveless veins 
of the diploe bleed severely. 

For the control of bleeding we have several means 
at hand. Hemorrhage from the diploe is frequently 
arrested by a few blows with a Passow dull chisel 
(Fig. 11), of which I have three sizes on hand. The 



Fiff. 11 
Passow Chisel 

measure has the advantage that the operator is 
enabled to attack at once the same place and to arrest 
again the freshly provoked bleeding. More espe- 
cially in working in spongy bone has the measure 
given satisfactory results in instances involving ex- 
acting operative procedure. The crush- 
ing of the lamina externa and interna 
with the cutting forceps has also effect- 
ually controlled bleeding from the 
diploe. 

In other situations I press the point p.^ 
of an elevator or introduce a bone A' rause Bone 
hook (three sizes, Fig. 12) into the "'?Bieedtl^"* 
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opening. These hooks were ori^^inally employed 
liv the writer for the arrest of bleeding from the 
middle meningeal artery, Tlie hook is introduced 
into the bleeding point and twisted back and forth 
several times. If the bone is of sufficient tliiekness 
an<l the lumen of the bleeding vessel not too large the 
hemorrhage is controlled by the measure* For the 
same purpose the driving in of ivory pegs is found 
effective. Several sizes of the pegs should be avail- 
able. The peg is firmly driven into the bleeding 
opening and is cut off close to its margin and left 
in mill. 

However, all of these measures may fail to accom- 
plish the purpose if the cranial bones happen to be 
soft or thinned out as tlie result of prolonged increase 
of intracranial pressure. In these instances I plug 
the bleeding point with the corner of the selvage of a 
gauze bandage, and if this be not practicable I en- 
large the o])ening with a Doyen drill or Imrr, pusli the 
gauze between the dura and bone, and tampon 
around and into the opening. Finger pressure main- 
tained for several miimtes will arrest the hlee<]ing. 
Of course, if possible, the openings of the emissaries 
should be avoided in fashioning the flap. 

The application of Horsley\s wax to the hleerHng 
bone after the periosteum has been removed, is 
stated to control the bleeding* The writer has had 
no experience with this preparation- 
After it has once been an o])eratnr's experience to 
he eonfrontefl with disturbing bleefling from the 
emissaries, it is easy to understan<l how important 
avoidance of the openings is. In fact, it has un scv- 
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eral occasions been possible to carefully separate the 
periosteum from the mastoid process and lift the 
emissaries from the bone, which permitted of hgature 
and peripheral division of the vessels. Also the 
emissaries may be avoided by making the incisions 
when feasible remote from the sinuses. When the 
bone flap is made it is permissible to still increase 
the size of the opening by removing an additional 
rim of bone, or to fashion a second smaller flap con- 
tiguous to the first. In all instances it is easier to 
deal with the bleeding when the dura is already 
exposed. 

Temporary compression, or permanent ligature of 
both carotids, as is largely advised, especially by 
Frazier, I have never found necessary. The bleed- 
ing was controlled in all instances by the measures 
submitted. 

Bleeding from the Dura 

The venous bleeding resulting from separating 
the dura from the lamina vitra is in a general way 
of minor importance. It ceases spontaneously as 
soon as the Braatz sound is withdrawn and the dura 
and brain ar^ permitted to come again in contact 
with the cranium. I have, however, several times 
met with profuse venous bleeding in performing the 
act in cases of brain tumor. If the occurrence ac- 
company the first bone section there is nothing left 
to do other than to tampon the drill holes and one 
furrow with gauze to control immediately the bleed- 
ing and then to rapidly complete the other bone sec- 
tions and leave the bleeding portion to the last. As 
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soon as the bone flap is lifted tamponade or the encir- 
cHng with Hgatures of the bleeding points can be ac- 
complished, and the bleeding arrested. In one of 
my cases the veins of the dura overlying the tumor 
were of the diameter of a lead pencil from which the 
hemorrhage was sufficiently profuse to endanger the 
Hfe of the patient. The bleeding, however, was con- 
trolled in the manner stated (Observation III, 4) 
and the patient made a good ultimate recovery. 

As these occurrences cannot be foreseen I make it 
a rule in opening the cranium after dividing the scalp 
and arrest of all bleeding, to make next the various 
drill openings. Bleeding from the drill holes is 
always controlled by the introduction of gauze pack- 
ing. I then loosen the dura between the two drill 
holes corresponding to the flap base with the Braatz 
sound, and cut the bone at once in this situation with 
the Dahlgren forceps. Next, the same procedure is 
executed at either side of the flap, completing first 
one and then the other bone sections. That is, I 
never loosen more dura than is necessary for the im- 
minent bone section. The sections in the neighbor- 
hood of a sinus, especially the longitudinal sinus, I 
generally execute last, as in this situation bleeding 
from the emissaries is likely to be profuse. At times 
the bleeding from torn Pacchionian bodies is a dis- 
turbing factor. 

If the venous bleeding threatens the life of the 
patient, and is not controllable, the bone must be 
sacrificed. The skin and periosteum are rapidly 
denuded from the bono with the raspatorium, and 
the bone removed with the cutting forceps, beginning 
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at the site of the drill holes. If the bleeding points 
are thus exposed the surgeon will be able to cope 
with the problem in accord with general surgical 
principles. In only one instance did I have to sac- 
. rifice the bone because of venous bleeding. The case 
was one of traumatic epilepsy in a man of thirty. 
Because of a localized point of tenderness and a bony 
depression at the point of union of the two central 
fissures as outlined by KroenleiUy it was necessary to 
fashion the bone flap over the longitudinal sinus. 
The attempt was accompanied by profuse bleeding 
from the anterior drill opening. A prolonged tam- 
ponade neither controlled nor lessened the bleeding. 
When the gauze was removed blood gushed forth in 
a portentous stream. For this reason the bone had 
to be sacrificed, revealing two holes in the longi- 
tudinal sinus corresponding to two emissaries. 
Gauze pressure arrested the bleeding, and the skin — 
periosteal flap was sewed back into place. At the 
end of four days the tampon was removed, and at 
the end of another six days the operation was com- 
pleted. The patient made an uneventful recovery. 

Arterial bleeding is, in my opinion, quite 
restricted to the areas supplied by the middle men- 
ingeal artery. This factor is most worthy of con- 
sideration in connection with exposure of the middle 
fossa of the cranium for extirpation of the ganglion 
of Gasser. I have frequently found the artery im- 
bedded in a canal instead of a groove. As a general 
rule the bleeding from this vessel is without danger. 
On several occasions, however, in cases of arterial 
sclerosis, the Lleeding was sufficiently alarming to 



28 



The Suhgery of the Bhain 



warrant sacrifice of the bone flap in the way referred 
to above, in order to effect rapid encirchng and 
ligature of the bleeding vessel. 

It is a fortunate circumstance that I have not yet 
lost a case ou the operating table from hemorrhage, - 

Trephining in Two Stages 

The first act of the operation is completed with 
the fashioning of the cutaneo-osseous flap without 
opening of the dura. If the execution of the brain 
operation is to be enacted at a subset pient sitting the 
flap is rephiceil and retained in situ by meam of 
deep sutures. Accurate apposition is essential in 
order to ctmserve asej>sis and to prevent shrinkage of 
the flap. If bony union is to lie avoided the bone 
^*tions must remove a rim of bone and periosteum 
at least 1 cm. in breadtli, which is readily accom* 
plisheii witli either the Dahlgren fort^j>s or the cut- 
ling bone forceps. 

Brain operations are fre<]uently extensive and dan- 
gerous to life. It is, iherefoie. wise to divide them 
into two stages, proviiie^i no unfavonible effect 
be the outcome- In abscess of the brain the ojiera- 
tion is best completetl at one sitting; however, in the 
majority of instanivs the t^est iiiter%*sls of tlie [>atient 
are eonsenetl by an intenal of from eight to (en 
days betifcwn the o|ieration of approach and that of 
invasion of the brain suHstani^* 

la cases of epilej^y* in which reHef is attempted 
wars after the in\^ption of the atHutioiu the o|»era* 
lire aUem(il may iftith justice be divide*! into several 
Ampts^ The c^ablishmenl of generally applicable 
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rules in this connection is not permissible. At times 
imminent collapse causes abandonment of the opera- 
tive procedure after the trephining has been accom- 
plished. It is in these instances a question of the 
judgment of the .individual surgeon whether the 
operation should be continued or its completion 
postponed. On two occasions I have been influ- 
enced by the opinions of colleagues and completed 
the enucleation of brain tumors at one sitting (see 
Observation III, 3 and Observation III, 6) because 
the technique of approach had been accomplished 
with ease and with no apparent influence on the con- 
dition of the patient. In both cases a fatal outcome 
from collapse was the result. 

During operations upon the brain I have frequently 
observed that the pulse and heart action were undis- 
turbed, and suddenly the patient sank into pro- 
found collapse even though no considerable quantity 
of blood had been lost. In these cases a fatal out- 
come supervened despite the fact that the operative 
procedure was at once abandoned. The case re- 
lated in Observation VI, 1, would most certainly have 
succumbed from collapse had the operation been 
completed at one sitting. Indeed, after achieving 
extirpation of the brain tumor at the second sitting 
the disturbance of the vital forces was so overwhelm- 
ing, despite the fact that the enucleation of the brain 
tumor was rapidly accomplished, the life of the 
patient was for the day immediately succeeding the 
attempt, quite despaired of. 

Division of the operation into two stages has also 
certain disadvantages. In one case (Observation 
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\'n, \) the een^heltar hemispheres were exposed in 
the tirnt ntaf^e. aiul heciiiise of its great tension the 
dura was punc*tuml over the right cerebellar liemis- 
phei*e near t!ie vermis, u hic li resulted in discharge of 
17 rniV of fluid. At the end of fourteen days the 
ilura was <i|)enech Puncture of the right heniis- 
phert^ did not elicit any Huid; puncture of the left 
heniisptiert^ n^sulted in discharge of about 3 cm', of 
Huid, Incision of the left lieinisphere o{>ened a cav- 
ity. Incision of the right lieinisphere did not dis* 
chvse the cyst puncturtti at the first sitting. Discharge 
of the iHvntcnts of the cyst located in the right hemis- 
iihcn^ undonlitiHllv obliterated the cavitv ilemoo- 
strnlnt by the Hrsl puncturt\ The entire operation 
i^nild undoubtiHlly have lK*en txinipleted at the first 
Hitting hud mit an imj Holding coHapse prevented 
farther nu*nipulatioiis. 

In a gt^ncral way I have for years lieen a follower 
of TiWor liorslrfi. aiul prt^ferrtnl the twtvstage opera- 
tion. However. I have in some instani^ exlirj>aled 
brain tumors and cxjHk^xi the ivrt*lR^llar tieniispheres 

a grave |>nH^Hlure — ik\ one autting willi favorable 
imU\nm\ 

It b to W noted that the simpW oi^uing of the 
erHiiial i*avitv dws utit so unfavonil*K intluence the 
vitnl fon^s. In oilier [mrtioiis of the ImhIv opera- 
lion^i are |ierformtHl which iiivohe much grawr muti- 
lalH%n and far givater of bUnHi. withiHit thi^ tx^ 
eumnuv of a sinubir dcgnv of shvH'k, In evteiisivie 
i*|*eniu^ irf the cranial ca^ itv the n^hiliou^hip of intm- 
i-ranial }m^Mm'' %s niaiktNlly tUsturUHL and ihi^ must 
r^ult in nuHbtWation of the fum tioti irf tlie heart. 
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respiration and blood pressure. It is only in this 
way that the sudden appearance of shock, which un- 
fortunately is so frequently manifest during brain 
operations, can be accounted for. 

V. Horsley irrigates constantly the operation field 
with a common salt solution at a temperature of 
46° C, which he at times replaces with a solution 
of corrosive sublimate 1 in 10,000 at the same tem- 
perature with the view of controlUng hemorrhage 
and obviating collapse. I am, however, too strong 
an advocate of dry asepsis to subscribe to this 
proposition. 

If it has been necessary because of venous bleed- 
ing to tamponade the wound with gauze strips, these 
are removed no later than the fifth day, together with 
the sutures, so that a thoroughly aseptic field may be 
available for the second stage of the operation. For 
this reason all sutures are removed from wounds 
closed by sewing on the third or fourth day. The 
question as to how long a period of time should be 
allowed to elapse between the stages of the operation 
is not susceptible of a definite answer. Many fac- 
tors are to be considered in arriving at a conclusion. 
Much depends upon the condition for the relief of 
which the trephining is undertaken and how well the 
first step of the operation has been borne by the 
patient. An interval of six days is as short a one as 
is in my opinion justifiable. If gentle wiping of the 
coagula from the edges of the bone sections provokes 
oozing, it is best to postpone the final stage of the 
operation. Under these circumstances it is best to 
wait from nine to fourteen days, for it will be found 
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that even at the end of twenty-one days tlie old scar 
can be readily torn open with a dull instrument* At 
this time the wound eavity will be found filled with 
a firm clot adherent to the dura, which it may be 
necessary to remove with a sharp spoon. 

On one occasion (see Observation IV, 1) I enu- 
cleated a tumor from the Island of Reil twenty-four 
hours after trephining, because of acute cerebral 
compression* The patient made a good recover}-. 

On the other hand, in the instances of two epi- 
leptic patients, both of whom were in feeble general 
condition, I allowed five-aiid-a-half and six weeks to 
elapse after the first trephining operation before in- 
vading the brain tissue. In the interval 1 ^rnt the 
patients home to enable them to recover from the 
effects of the primary surgical mani|)ulations. Under 
these conditions it is, of course, necessary to remove 
a strip of bone at the edges of the flap to prevent the 
occurrence of bony union. This prolonged interval 
is J however, not to be uniformly recommended. In 
the one case the scalp wound bled so profusely as to 
necessitate the introduction of the Hauletihain ten- 
sion sutures* However, in both cases the lifting of 
the bone flap from the dura was ea.sily aceoni])lished 
without trauma to tlie latter. In tlie first rase I 
found the lamina vitrea studded with small granu- 
lations, which also covered the dura, inip^ntiiig to 
the latter a deep red hue; in marked contrast to the 
glistening white apjK'arance of the normal mendiranej 
found at the first operation. These torn granula- 
tions bled most profusely. In the otlier case no such 
plienomena presented, anrl the bone flap was raised 
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without any bleeding whatever. In other regards 
the operations presented no especial difficulties. 

Another disadvantage of the two-stage operation 
is the fact that the sinus walls are not as readily 
identified at the second sitting as obtains during the 
first. In order to avoid injur}' to the sinuses, during 
the second stage of the procedure, I mark the out- 
line of the sinuses with a Hnen suture introduced into 
the dura at the first sitting. During the second 
operation separation of the layers of the flap is 
avoided by application of the claw forceps in the 
same manner as during the first stage. 

Now follows 

Opening of the Dura Mater 

I have long ago abandoned crucial incision of the 
dura and formation of four flaps. This measure 
does not give sufficient room for inspection and ma- 
nipulation of the brain. I incise the dura, fashion- 
ing a right-angled flap. Even in moderate com- 
pression of the brain it is impossible to pick up the 
dura with mouse-tooth thumb forceps, from the un- 
derlying brain. The membrane is carefully incised 
in situ with the knife, making an opening about 1 cm. 
in length, until the arachnoid is exposed and the flap 
incision is completed with a small scissors. The base 
of the dura flap is not necessarily directed downward, 
nor, indeed, is it always made to conform to the base 
of the bone flap. In working in the region of the 
longitudinal sinus it is best to direct the base of the 
dura flap toward the median line. It is then feasible 
to separate the flap quite to the edge of the sinus by 
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careful stretching (see Observations III, 4 and VI, 1), 
thus avoiding injury to the sinus itself, and what is 
just as important, the many veins of the pia mater, 
which penetrate the dura in this situation, are 
avoided- A desirable attainment not accomplished 
when the dura is sectioned near the median Hne of 
the cranium. 

Fashioning of the base of the dura flap in the direc- 
tiou opposite to that of the bone flap has additional 
advantages. If, as the result of profuse bleeding, the 
wound cannot be closed immediately iifter comple- 
tion of the brain operation and provisional tamponade 
be necessary, hernia cerebri is very likely to occur. 
Especially is this liable to occur if the pia has been 
injured and the intracranial {)ressure be markedly 
increased. If the wound should be sufficiently clean 
to justify secondary suture the bone flap will be found 
of insuflScient size to accom])lish the purpose. The 
dura flap, extending, as it does, from the opposite 
direction, can well be utilized for the purpose despite 
tjie fact that this, too, will have undergone consicler- 
able shrinkage. (See Observation V, 1 and page 184.) 

In operations witliin the area sup|)]icfl by tlie mid- 
dle meningeal artery this vessel shoulfl lie encircled 
with a ligature j>assed with a round needle and 
deligated, to prevent unnecessary bleeding. 

Inluries and Resection of Sinuses 

At times the conditions require incision of the 
dura so close to a sinus that the operator sliotild be 
prepared to cope with tlicir injury. Es[>ecial care 
should be exercised in operating contiguous tu the 
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longitudinal sinus to avoid, if possible, trauma to 
the entering lacunae, the walls of which are much 
thinner than that of the sirius itself, and which 
extend about 1 cm. to either side. Injury to the 
longitudinal sinus and its contiguous veins may be 
avoided by making the transverse dura section some 
distance from the sinus, and then to make two per- 
pendicular short incisions toward the sinus, which 
permit of the raising of a secondary smaller flap, thus 
allowing of control of the bleeding as this is lifted 
from the brain. 

A brief discussion of the two main sinuses is prop- 
erly taken up at this time. 

In most cases the ionsitudinai sinus deviates 
to the right of the median line, therefore the origin 
of the transverse sinus is atypical. At the sagittal 
suture the width of the longitudinal sinus, including 
its dural walls, averages between 6 mm. and 8 mm. 
At its central point, i. midway between lambda 
(junction of sagittal and lambdoid sutures) and 
inion (external occipital protuberance), it becomes 
wider and immediately above the latter point is be- 
tween 12 mm. and 15 mm. in width. 

The course of the transverse sinus follows the 
linea semicircularis superior to its knee, the latter 
being located at the asterion, which corresponds to 
the junction of the parieto-mastoid and lambdoid 
sutures. It then continues as the sigmoid sinus to 
the middle third of the base of the mastoid process. 

If the side of a sinus be injured, the solution of 
continuity is grasped with one or more Peaii clamps 
and the opening closed with a continuous linen 
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tlireuti suture introcluced by means of a round 
curved needle. This method may be satisfactorily 
employed in similar injuries to the larger veins of 
the dura, especially in the neighborhood of Pacchio- 
nian bodies and in situations where the larger veins 
of the pia open into the lumen of the sinuses. 

Application of the method is illustrated as follows: 
The case, one of a ten-year-old girl (see Observation I. 
lii), was afflicted with Jacksonian epilepsy, which had 
its primary manifestation in the left foot. To reach 
the brain center animating the foot, it was necessary 
at the second stage of the operation to expose the 
upper edge of the cerebral hcnns])here. In opening 
the dura the longitudinal sinus was torn- Immediate 
control of the bleeding was accomplished by forcible 
apposition of the edges of the superHrial wound with 
the index finger and tlunnb. After exposing the 
o|>erative field l>y sponging away the blood I ap[>lied 
a narrow Pean forceps. The tear in the sinus was 
a consitlerable one requiring longitudinal applica- 
tion of the clamp. No attempt was made to suture 
the hole in the sinus, indeed, I felt happy at the 
thought of having accomplished ari~est of th^ bleed- 
ing in the manner stattnL At the end of the opera- 
tion Uie osteo|)histic flap was rcjilaced and sutured* 
except for t!ie small area (>crmilting of protrusion of 
the handles of the clamj>. Tlie clamp was left in 
situ for tive days, at the expiration of which time 
the skin sutures were renujved with tlie view of 
rapidly turning aside the flap in tlie event of 
return of the bleeding. The c4ani[> was, however 
removed without recurrence of the bleetliair- and the 
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patient was discharged with the wound entirely 
healed at the end of thirty days. 

Injury to the superior aspect of the longitudinal 
sinus is a common complication of depressed frac- 
ture of the skull in this situation. Revenstorp advises 
in these cases the introduction through the dura upon 
either side of the rupture of sutures, which are tied 
together, encircling the wound like a purse string. 
If the sutures are carefully draw^n together and the 
knot evenly tied the bleeding may be controlled 
without reducing materially the lumen of the sinus. 

The extension of a pathological process, such as 
occurs with neoplasms, may call for 

Resection of a Sinus. 

If one of the larger sinuses (sigmoid, transverse, long- 
itudinal and occipital) are to be divided, the bone 
must be removed so that the contour of the sinus is 
visible, and the sinus be easily approached on either 
side. It is, however, in my opinion, not at all times 
necessary to sacrifice the bone. As a rule it will be 
found feasible to lift the sinus, together with the dura, 
after an osteoplastic flap has been fashioned. I 
have frequently raised the sigmoid sinus from its 
bony bed in order' to gain access to the posterior 
aspect of the petrous bone. 

After exposing the sinus, the neighboring dura is 
divided in a perpendicular or transverse direction, 
according to its path, that is, to either side of the 
vessel. The introduction of the sound will deter- 
mine the extent of the incision necessary. Catgut 

» Centralhlatl fiir Chirurgie, 1907, No. 38. 
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ligatures (linen thread or silk are too liable to cut 
throagh) are now introduced at the ends of the dura 
incision by means of an ordinary round or Deschamp 
needle and carried around the sinus. The ligatures 
include, with the longitudinal sinus, the falx cerebri, 
with the transverse sinus, the tentorium cerel>elli and 
the falx cerebelii with the occipital sinus- (Fig. 14.) 
After introducing in a similar manner sutures several 
millimeters distal to the ones already placed, and 
firmly tying them, the sinus is divided between the 
ligatures. 

After ligature of the transverse sinus a considerable 
portion of tentorium cerebelii may he removed pos- 
teriorly. However, tlie straight sinus must not be 
invaded. An analogous procedure may be applied 
to the falx cerebri. The longitudinal sinus presents 
especial difficulties' in this connection, as the numer- 
ous veins of the pi a covering the cerebral surface have 
to be deligated separately. In this way I have fre- 
quently excised portions of the enumerated [processes 
of the dura on the living subject. The smaller 
sinuses, such as the splieno-parietaL which follows 
the course of the anterior brancli of the middle 
meningeal artery parallel lu the coronal ?>uture on 
its w^ay to the cavernous sinus aiid ol>trudes into the 
operative field when opening the temporal region, 
double ligature and division is not difficult. 

Tlie 

Opening of the Posterior Fossa of tlie Skull 

deserves especial consideration. 
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As far as 

Exposure of One Cerebellar Hemisphere 

is concerned it makes an important difference 
whether the approach is made for cerebellar abscess 
or for enucleation of an accurately located tumor, or 
if the operation involve removal of a tumor at the 
junction of the pons and cerebellum. (Neuroma of 
the Acusticus. 

In the first instance a flap corresponding to the 
involved cerebellar hemisphere will suflSce for the 
purpose. The upper incision is made along the 
superior linea semicircularis, from the external oc- 
cipital protuberance to the posterior edge of the mas- 
toid process. The two perpendicular incisions are 
made downward, one close to the external occipital 
ridge and the other begins slightly behind the mas- 
toid process. The latter thus avoids the mastoid 
cells and the numerous emissaries which penetrate 
the bone. Only two drill openings are necessary, 
which are aimed directly at the transverse sinus or 
immediately above it, as the sinus most frequently is 
situated below the external occipital protuberance. 

After completing the bone sections the osteo- 
plastic flap is fractured at its base and turned down- 
ward. The line of fracture invariablv occurs imme- 
diately above the foramen magnum, going through 
the thin plate of bone in this situation. The rim of 
bone attached to the thickened edge of the foramen 
is readily removed with the biting forceps. If nec- 
essary, the other edges of the bone should be en- 
larged until a comprehensive view of the transverse. 
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two drill boles, more rarely three, are made imme- 
diately above tbe transverse sinus. The lateral mci- 
sions are carried deeply into the muscles of tbe neek» - 
and tbe bone sections are made as far fonfvard as 
possible. As division of the bone in the region of 
the mastoid process always provokes profuse bleed- 
ing, this section should be made last. The flap is 
then immediately turned down and the bleeding con- 
trolled. In practically all instances the posterior por- 
tion of the foramen magnum forms a part of the bone 
flap. (Fig. 13.) 

1 have on two occasions attempted to obviate the 
deep fracture of the bone by prolonging the median 
incision, by making a burr opening at the lower edge 
of the external occipital protuberance, and removed 
laterally in each direction sections of the bone with 
the Dahlgren forceps. With no avail, however, the 
fracture line extended in each instance into the 
foramen. It is true 1 have never seen any nnfavora* 
ble outcome from this cause, as the fracture was al- 
ways carefully executed to avoid disturbance of the 
medulla oblongata. The sinus marginalis which sur- 
rounds the posterior portion of the foramen I have 
never inj:jred. 

In order to accomplish complete turning down* 
ward of the flap it is necessary to loosen the perios- 
teum to eithei side of the flap base and remove a 
small section of bone* The portion of the rim of the 
foramen magnum attached to the flap should also 
be removed. This latter step will contribute mate- 
rially to the proper displacement of the flap* The 
perpendicular skin incisions are now extended down- 
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ward, exposing thus the posterior surface of the atlas. 
Firm pressure on the subjacent soft parts will per- 
mit the operator to turn tlie osteoplastic flap well 
downward. To keep the flap well out of the way it 
may be fastened to the skin with a tempo rarj' suture. 




Fig. 13 
Arch of Atlas 

(Plate III b.) The transverse sinus, together with 
the confluens, are visible above* To tliorou^lily ex- 
pose the mastoid sinus the upper incision is extended, 
tlie j}eriosteum and insertion of the sterno-niastoid 
muscle are loosened and the necessary portion of 
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bone, to accomplish the purpose, removed with the 
biting forceps. 

The dura of one cerebellar lobe and a portion 
of the dura of the other, together with the occipital 
sinus located between the hemispheres and the begin- 
ning of the spinal dura, are now visible. (Fig. 13.) 
If the procedure is now interrupted with the view 
of completing the operation at another sitting, the 
sinuses are marked with silk sutures. One is intro- 
duced immediatelv beneath the transverse sinus and 
another at the angle of junction of the transverse 
and mastoid sinuses. After ligature of visible blood- 
vessels the wound is closed with sutures deeply intro- 
duced into the muscles of the neck. After accurate 
approximation of the edges of the flap the Kredel 
plates and Haidenhain tension sutures are removed. 

In completing the operation the dural flap is fash- 
ioned on the diseased side in the manner indicated 
above. The dural sections are made close to the 
three sinuses in order to gain as much space as pos- 
sible. In most instances this method has suflficed to 
expose tumors of the acusticus. If, however, the 
cerebellum cannot be dislodged suflfic^ntly, the dura 
is incised on the opposite side of the occipital sinus 
(Fig. 14). The curved Braatz sound is carefully 
passed around the falx cerebilli at a point about 1 cm. 
below the confluens, at the same time separating the 
hemispheres of the cerebellum from the falx with the 
middle and index fingers. A ligature is drawn in the 
opposite direction during removal of the sound which 
now encompasses the falx. The same stej) is re- 
peated at a point 1 cm. lower down, the ligatures are 
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firmly tied, and the occipital sinus, together with the 
falx, are cut between them. Several times I have 
had to deligate separately a small artery, - The sinus 




Pig. u 

has never bled after this procedure. Of all sinus 
lif^aturing this is the easiest, as the sinus caru because 
of its narrow dimensions, be encircled with the blunt 
sound* 

The severed sinus is dra\Mi u]>ward and downward 
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by means of the ligatures (Plate II L Fig* b.)^ and no 
longer eonstitutes a disturbing factor. I find it expe- 
dient to fasten the upper portion of the divided ^lura 
to the skin with temporary sutures, and if necei^sary 
make two small perpendicular incisions which barely 
escape the transverse sinus, thus fashioning a small 
superior dura! fiap. (Plate III, Fig. a and Fig, 18,) 

Exposure of both Cerebellar Hemispheres 

In not a few cases it is quite impossible to be cer- 
tain wliich cerebellar hemisphere is involved in the 
pathological process » It then becomes necessary to 
expose simultaneously both hemispheres, but the 
opening need not extend laterally to both mastoid 
processes. The opening may be made considerably 
smaller if the flap be fashioned as shown in Figs, 15 
and 10* If the o|>ening in the dura is found to be 
too small, the upper skin incision (Fig, 15) may be 
extended and sufficient bone removed for the pur- 
pose, or a smaller flap may be fashioned with its base 
directed laterally. Three drill holes are made above, 
the middle one of which involves the external occip- 
ital protuberance (Fig. 16). To separate this thick 
portion of the skull I use the largest burr. The bone 
puncture lies immediately above the confluens. 

Of course, the exposure of both cerebellar hemis- 
pheres, especially that of the superior worm, rerpiire 
division of the falx and occipital sinus. The tech- 
nique varies, however^ inasmuch as the dura is 
incised immediately below the transverse sinus to 
either side of the occipital sinus as far as the lateral 
side of the flap, anil two small incisions are made 
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iIu\mi\\*uhI» nkiiliMg tlit^ orripitiil sinus. After com- 
piiliiMi iif ttu^ (iH'liiui|Uo of itcHgntiiii; the falx and 
niHHfii lU^iHtiiHl iiu 4H« the ilural covering 
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When both cereWliar hemispheres are exposed it 
is unnecessarj^ to tie and divide the transverse sinus 
and tentorium. In my opinion thus step is unwar- 
ranted- Indeed, Hgature of more than one transverse 
sinus would be followed by a fatal issue- It is much 




flKHe desirable to Uft the intaet tentorium with a brain 
^atula. The extent to which the deeper Atmctuia 
of the bemisfJieres ate made aotessible in thb war if 
aitotiishiiig- During thiii step srrerail retw wbieli 
^ from tbe soperior worm to the rectus mm3 mmd 
vdm €if GoltM are injuied and bleed quile fferN. 
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They are, however, reaclily tleligated, or better, still 
surrounded with a double ligature ami divided. 

Whether the exposure of both hemisplieres is ae- 
compHshed at one sitting or the final steps of the 
operation are postponed for three weeks, depends 
upon the condition of tlie patient and the indications 
for which the operation is umlertaken. If the pa- 
tient's t oniHtion will warrant it, the former procedure 
is the preferable one. 

The 

Upper Surface of the Cerebellum 

is exposed for operative attack as the outcome of 
lifting the tentorium with the retractor. In cases 
where the neoplasm extends deeply along the supe- 
rior surface of the cerebeUum the hemispheres must 
be exposed in tlie manner just descHlied, in order to 
achieve sufficient room for thorough inspect ion, and 
to employ measures of relief. (Fig. 17*) 

A male patient, aged thirty-two* was sent to me 
by //. Oppenheim because of a susj>ected tumor of 
the cereLwllum. The dominant symptoms of in- 
creasing cerebral pressure <lenuinded immediate re- 
lief of intracranial pressure by means of drainage of 
the posterior horn of the lateral ventricle. (See 
Subcutaneous Drainage of Cerebral Vehtrl- 

cleSp pagc^58), with the silver can u hi, together with 
decom|)rcssion tre|jhining over the ccrebelhim, with- 
out further investigation of the symptoms as to local- 
ization of the tumor. 

The patient improved so rapidly after the em- 
ployment of these measures that further attempts at 
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relief were not made. Three weeks following the 
procedure related above, the patient collapsed sud- 
denly while engaged in conversation with a visitor, 
and died in a few moments- Autopsy revealed a 




tumor the size of a silver thjilar situated at the upfier 
surface of the right ee rebel hi r hemisphere immedi- 
ately below the tent^iriuuu Tlie tumor had raised 
the araclmoid about 1 em. {Fig. 17), and would 
have been readily enucleated had the falx been 
divided. In consistence aud color it resembled very 
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closely the normal cerebellar tissue. However, the 
absence of stniv would have made its prt'sence 
readily recognizable. Microscopical examination 
proved the tumor to be an endothelioma. 

A portion of the upjicr surface of the cerebellum 
is made visible if, after exposure of one hemisphere, 
the cerebellum is drawn backward. This manipula- 
tion must, however, be carefully executed. In this 
w^ay I have frequently exposed and inspected a sur- 
face of 45 mm. in width and 50 mm. deep, and, 
indeed, have l^een al)le to palpate tlie same area with 
the finger, (See Inspectlati of all surfaces of 
the posterior cranial fossa and cerebeliunip 
l)age 1300 

Terrier attempted to reach the cerebellar hemis- 
phere by opening the temporal bone the size of a 
silver quarter of a tlollar to reach the posterior edge 
of the occipital lobe, where it rests upon the ten* 
torium cerebeUi. 

Tlie intent was to lift tlie occipital lobe, expose 
thus the tentorium cere be Hi, and after dividing it, 
reach the cerebellar hemisphere. The plan was 
analogous to that of Volkmatuu who many years ago 
attacked the dome of the liver for cchinococcus cyst 
by way of the healthy pleural cavity. Volkmmm 
succeeded. Terrier did not, for when the dura of the 
occipital lobe was opened the cerebrum extruded 
from the opening and forestalled all further progress. 
A small opening destined to furnish approach to 
brain tumors is always ineffectual . The intra- 



^ V. B^rj^mann, '*Tlie Surreal Treatment oi Cerebral Lesions/* 'Si\ edi- 
tion, 1899, p. 3«S, et seq. 
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cranial pressure is of necessity much increased, and 
the protruding brain closes the opening and, indeed, 
not infrequently the cortex of the brain is torn on 
the edges of the opening in the dura and skull. 

As the outcome of wide exposure of the posterior 
fossa of the skull, and by placing the patient in the 
sitting posture, the cerebellar hemispheres sink back- 
ward, so that the sides and, after raising of the organ, 
the inferior surfaces, together with the inferior ver- 
mis, are readily inspected. If the organ be slightly 
drawn outward the lobes are readily palpated, and 
exploratory section is easily accomplished, as will be 
extensively discussed in the chapter devoted to the 
Technique of Brain Surgery. (Page 14?).) 



General Consideratiotis Regarding Brain 
Surgery 



Leptomeningitis Chronica, Oedema of the Arachnoid 

After the dural flap has been displaced the brain 
surface conies into view. The meshes of the arach- 
noid are iti greater part removed with the dura, and, 
indeed, are not visible ou the brain surface unless 
oedema or inflammatory exudate is present- Chronic 
leptomeningitis usually manifests itself in the form 
of several broad grayisli strijjes contiguous to the 
vessels. At times small white spots or thick yellow 
flakes are present, as shown in Plate II, Fig. a. 

This illustration represents a vase of Jackmnian 
epilepsy in a boy of twenty, and may be regarded as 
characteristic of oedema of the arachnoid. The cere- 
bral cortex is barely visible, the vessels of the pia» 
especially the veins, shimmer dimly throngli the 
exudate as though obscured by a veih H(>v>ever» 
the convolutions are still recognizable. If the exu- 
date increases these, too, aR* obliteratcil as shown in 
Plate IL Fig. b. This case was one of Jacksoinan 
epilepsy in a girl of twelve and a lialf years. (Obser- 
vation I, 8.) The cedema of the aracluioid must be 
removed l>efare the liruin ^^ubstance is invaded. This 
is accomplished by nudtiple puncture and if neces- 
sary scarification of the area with a sharp-jx>inted 
knife lightly introdiuTd. The njHnuugs should l>e 
made at the most dci>endent part of the exposed sur- 
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face, and the discharge of fluid may be enhanced by 
slight pressure with gauze* Presently the convolu- 
tions and fissures of the brain became defined. In 
making the punctures the blood vessels should be 
carefully avoided. Especially does this apply to the 
veins, for should one of them be opened a bloody 
infiltrate invades immediately the surrounding tis- 
sues, obscuring the field and rendering identification 
of the areas impossible. The operative field of the 
brain tissue is always covered by the pia mater. 
Separation of the latter from the underlying cortex is 
impracticable. The attem[>t to remove the j>ia 
always results in trauma to the cortex, and the inter- 
ruption of the circulation gives rise to extensive dis- 
turbances of nutrition in the contiguous brain sub- 
stance, a contingency which must be avoided. 

In a considerable number of cases the dura will be 
found firnilv adherent to the underlviner tissues, and 
the incised dura will not permit of the formation of a 
flap. However, as in these instances the brain tissue 
underneath is always involved in the pathological 
process, this condition is taken up and discussed to- 
gether with the technique of surgical manipulations 
of the brain itself. 

Treatment of Cysts 

Arachnoid Cysts 

The treatment of arachnoid cysts is a simple mat- 
ter* They are generally the outcome of chfOflic 
inflammatory processes or are the sequeltT of 
trauma* The former kind of cyst is shown in Plate 
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III. Fig, a, in a characteristic representation. The 
ilhistration depicts a patient twenty-five years of age. 
When the posterior cranial tossa, on the right aide^ 
was o]>ened the dura was found to he much thick- 
ened sua a result of chronic inflammation. (Observa- 




tion VII, 2.) Turning down of the dura flap showed 
the thickening extending from the dura to the under 
surface of the tentorium (Fig. 18). Tlie distended 
cyst tlid not herome visible until the cerehellar hem- 
isphere was displaced outward and was found to He 
in contact with the inferior vermis. Tlic cyst wall 
was quite thin and of a bhiish violet color* - The 
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posterior wall of the cyst was incised and in greater 
part removed- The opening liberated a large quan- 
tity of clear fluirh The base of the space thus ex- 
jjosed was formed by the cerebellar hemisphere cov- 
ered with pia mater. The latter was somewhat livid 
in aj>i)earanee, but beyond this did not present any 
visible pathological alteration. The cyst wall was 
evidentlv formed bv distended meshes of the arach- 
noid which had been agglutinated by a chronic in- 
flammatory process, and become filled with fluid* 

In this instance the wide opening of the cyst j?er- 
mitted of re^^ection of its walLs, thus obviating the 
probal>ility of recurrence. Tlic patient made a good 
immediate recover}, anrl exanrinatitin at the en 1 of 
a year and a half did not elicit any evidence of return 
of the afHiction, 

A similar form of inflammatorv evst is found at 
times in cases of epilepsy- In this disease a more or 
less extetisive redema of the arachnoid is not uncom- 
mon, and tlie accumulation of fluid may become 
sufficiently marked to cfHistitute a cyst formation. 

To escape rejietition tliis condition is taken up in 
the chapter on epilepsy. 

The second form of arachnoid cyst may 
be rega riled as the outcome of Injury. The elas- 
ticity of the cranium will permit of the causative 
trauma to the contents, and the skull immediately 
assume its normal outline without the occurrence 
of fracture, and, indeed, neither the X-ray nor an 
exploratory incision will demonstrate any lesion. 
The trauma may. liowever, contuse the membranes 
of the brain and the cortex, and give rise to hemor- 
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rhage, winch ultimately develops into a cyst of the 
arachnoid. 

A cyst of this kind was found while the writer was 
operating on a girl of twenty-five. The patient had 
been injured four years before by being struck on the 
right forehead by a wooden bearn» Tlie accident 
was the outcome of the explosion of a gas tank, and 
the force of impact sufficiently severe to render the 
patient unconscious for twenty- four hours. The 
evidence of cerebral concussion (headache, vomitings 
loss of memory and vertigo) disappeared at the end 
of several manths. However, at the end of three 
years the symptoms reappeared with the same 
severity. Examination revealed an exceedingly ten- 
der spot about 5 em. above the supraorbital ridge. 
Neither a ^kiagrara nor the o|3eration revealed a frac- 
ture, noF was there any evidence of infarct tlemon- 
strable. 

Trephining over the right frontal eminence showed 
the dura at a point corresponding to the superficial 
tenderness firmly adherent to the lamina vitra. S^^ev^ 
eral yellowish deposits in the tissues of the dura were 
also to be seen. These evidently consisted of pig- 
ment from an old contusion. The dura did not pul- 
sate, but was not raftrkedly distended. Needle punc- 
ture released a considerable quantity of cerebro- 
spinal fluid, the flow of which was readily arrested 
by gentle pressure. A dural flap was made ;nid 
turned asitle. Despite the fact that confident b!e 
fluid had been disci uirged, the arachnoid was still 
markedly redematous over an area corres})onding to 
the sight of the original trauma. The fluid had col- 
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lected in the form of a cyst which originated from one 
of the fissures of the frontal lobe, in much, the same 
manner as in the case just related. The treatment 
consisted in removal of the entire anterior arachnoid 
wall after the fluid had been removed, leaving the 
depression of the frontal lobe corresponding to the 
cyst area covered with pia mater. 

To determine the possibility of the presence of 
brain cyst the needle was driven into the contiguous 
brain substance in several places to the depth of 4 cm. 
However, only normal brain substance was aspirated. 
The condition was undoubtedly the outcome of the 
injury of four years before, when the brain was no 
doubt contused. Had the process been located over 
the motor cortical zone a Jacksonian epilepsy would 
most probably have been the result; being, however, 
located over the frontal lobe only the general symp- 
tomatology stated above occurred. The dural flap 
was replaced and held in apposition with two sutures 
introduced at each corner, and amply covered the 
depression in the brain. The osteoplastic flap was 
accurately sutured and primary union of the wound 
obtained. 

Ecchinococcus cysts occur also in the arachnoid. 
Thev are, however, extensivelv taken up in the next 
chapter. 

Cysts of the Brain 

Cysts involving the l)rain by extension or develop-- 
ing in the brain sul)stance itself are of several kinds. 
The most important causative* factors n^late, as in 
the arachnoid, to trauma and chronic iiiflannnatory 
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processes. The products of encephalitis, if not ab- 
sorbed, may exist to a suflScient extent to closely sim- 
ulate neoplasma. Occasionally puncture and aspi- 
ration of a focus of this sort not alone clears up the 
diagnosis, but may cause absorption of the exudate 
and result in relief. 

I have frequently found both cortical and sub- 
cortical meningo-cephalic cysts in cases of infantile 
paralysis while operating for co-existing epilepsy. 
As these conditions form an important etiological 
factor discussion of this form of cyst is taken up 
under a separate head. Neoplasms, especially sar- 
comata, have at times a tendency to undergo cystic 
degeneration, and occasionally form large solitary 
cysts. In some instances neoplasms are surrounded 
by cavities which are filled with a bloody fluid. More 
rarely parasitic cysts, such as the hydatid, are found 
in the brain, and again in a certain number of cases 
the origin of cysts is not discoverable. 

The treatment of brain cysts depends upon the 
nature of the cyst wall and their etiology, and are 
therefore taken up under separate heads. 

Brain Cysts with Connective Tissue Walls 

In all forms of cysts healing eventuates if the con- 
tents be removed, and re-accumulation is prevented. 
This means, of course, that simple aspiration will 
not accomplish the purpose, as the walls of the cavity 
are much thickened as the outcome of prolonged dis- 
tention with fluid, and do not collapse when the 
contents are withdrawn. The most certain method of 
treatment is to freely incise the cyst and to drain or 
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tampon, thus provoking collapse of the walls and 
obliteration by granulation. The technique of the 
procedure is shown in the following case : On 
October 19th, 1907, I trephined for epilepsy a boy of 
seventeen (Observation II, 6), exposing the left sen- 
somotor region. The brain did not present any 
alterations nor was there any indication of deep- 
seated lesion. January 16th, 1908, a sudden and 
rapidly increasing cerebral compression necessitated 
re-exposure of the left central region. Incision at the 
upper portion of the old flap exposed at once the 
brain substance, as the dura had retracted at this 
point; however, at the sides the dura was intact. 
The osteoplastic flap was raised from the dura with 
the finger and raspatorium without further injury to 
this membrane. The brain extruded from the inci- 
sion at the upper edge of the exposed area to the 
extent of a thumb's breadth. The distended dura 
bulged about 1 cm. above the edges of the trephine 
opening. Beyond several yellowish spots, evidently 
hemorrhagic areas, the result of the first operation, 
the dura did not present any abnormality. 

As the dura gave manifest evidence of fluctuation, 
the aspirator needle was introduced and a trans- 
parent amber-colored fluid made its appearance flow- 
ing in a rather forcible stream. The fluid was pre- 
served for examination. With the needle left in situ 
as a guide I opened a cyst with an incision about 
3 cm. in length, dividing longitudinally the cortex 
of the brain. The bleeding was inconsiderable and 
did not call for special measures of hemastasis. The 
cyst was of enormous size, and extended from the 
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central region forward and inward to the depth of 
72 mm. The first 100 em.' of the fluid remained 
clear, the remaining 100 cm.' of fluid, which were 
removed vith a spoon, was of cloudy serous appear- 
ance. The outer part of the cyst was lined with a 
thin membrane, which was removed by blunt dissec- 
tion. Beneath this membrane the brain presented 
yellowish spots which looked as though they were 
areas of old hemorrhagic infiltration. 

Parasitic origin of the cyst was excluded on the 
ground that single ecchinococcus cyst never attains 
the dimensions manifest in this case, and micro- 
scopical examination did not reveal the characteristic 
booklets. In this case complete excision of the cyst 
wall was impossible. The microscopical and chem- 
ical examinations substantiated the conclusion ar- 
rived at, at the operation, that the cyst was a simple 
one, the walls of which consisted of connective 
tissue. The inner walls presented a velvety surface 
and were brownish red in color. After careful dry- 
ing of the cavity with gauze it was loosely filled with 
vioform gauze (5 cm. wide) of which 5 m. were re- 
quired for the purpose despite the fact that the cyst 
wall had considerably shrunken as the outcome of 
release of the fluid contents. 

To make smaller the cyst opening and to facilitate 
after treatment I fastened the edge of the incision in 
the cavity to the skin at the anterior portion of the 
superficial wound and removed a corresponding area 
of bone with the biting forceps of the size of a silver 
(piarter of a dollar. The rest of the flap w^as held in 
phice with approximation sutures in the usual man- 
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ner. Tbe vioform gauze tampon was led out ot this 
opening, and an additional smaller gmujse drain 
inserted- 

Ob January 20th the gauze tampon was temoTed 
and replaced by a drain, the length of the index 
finger. No secretion was discharged at this time. 
At subsequent dressings, made every four or fitie 
days, a small quantity of yellowish white di^jiarge 
ocnirred which had accumulated to the level of the 
drain. At each dressing the drains were shortened 
about 1 cm. The shorter one was removed on Feb- 
ruary Ist^ the longer one on February 18th. Four 
days later the wound closed, and the following day 
the patient left the bed. 

All cysts the walls of which consist of connective 
tissue or altered brain substance should be treated 
in tbe manner just described- However, drainage is 
not always easily accomplished, as the cyst may be 
deeply locate*! in the brain, especially when present 
in the cerebrum. However, in alt instances, the 
cyst should be punctured and an effort made to keep 
it empty, so that collafise and healing by granula- 
tion may take place. Frequently, the manifestation 
of dangerous symptoms farce an effort in this direc- 
tion. An example of what may be attained under 
exceedingly unfavorable anatomic conditions is as 
follows. (Obser^*ation IV, 4. > A five*year-old girl 
ga%*e a histor}" of preWous dischai^e of pus from the 
right ear. The drum showed evidence of old disease. 
The rh^ht si Je of the skull and especially the regions 
over the h juamous plate and mastoid process of the 
temporal l.one were exceedingly lender. Expos- 
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.X jK" cells showed them to be 

- xv*.U ^3is opened above the masbud pro- 
>VNjv «^=s:^ biting forceps and chisel, sacrificing 
- The dura was distended and did not 

,v,*>^:^. The first three puncliires into the temporal 
^.x^. vxxnjvital lobes were negative of result. The 
iwartli dire^ed forward and upward after reaching 
the liepth of 65 mm. resulted in the discharge of 
10 cm. of reddish yeUow fluid. The fluid coagu- 
lated in a few moments, sho\«ing it to be the con- 
tents of a cyst and not from the ventricle. The deep 
location of the c^st permitted only of drainage by 
passing the knife along the puncture needle into the 
ca\nty. The canal was held open with two small 
retractors and a drainage tube inserted. The rest of 
the wound was tamponed with vioform gauze. The 
drain was gradually shortened and entirely removed 
at the end of fourteen days. At first a considerable 
<iischarge of fluid was maintained, but this ceased 
entirely at the end of six weeks. Four months later 
the entire wound was scarred over. The severe 
sjTnptoms which had existed for two years (see cUni- 
cal history ) gradually subsided and the child made a 
complete recovery. 

Traumatic Brain Cysts 

Cysts caused by trauma result from infiltration of 
blood and disint^rated brain substance, or a com- 
bination of both of these factors. In either instance 
absorption has not taken place. Hemorrhage is 
much more frequent in the cerebrum than in the 
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cerebellum, and consequently cysts are more rarely 
developed in the latter. 

The method of operative technique is illustrated in 
the following case, which, however, possess value 
for other reasons. The patient, a girl of twenty- 
three (Observation VII, 1), had developed two cere- 
bellar cysts, one in either hemisphere. As the process 
could not be located definitely in one lobe I exposed 
both posterior fossae on January 15th, 1907. The 
dura bulged over both lobes, slightly more on the 
right side than on the left, and did not pulsate. The 
two occipital lobes, palpable immediately above the 
transverse sinus, were manifestly softer to the touch 
than the cerebellar lobes. The dura was punctured 
in several places. The first at the point of greatest 
indentation between the two hemispheres and the 
medulla oblongata. (Fig. 19, 1.) When the point 
of the needle reached a depth of 13 mm. (the center 
of the lumen exactly 9 mm.) a clear yellowish fluid 
appeared of which 17 cm.' was aspirated. Fluid con- 
tinued to flow from the puncture hole after the needle 
was withdrawn. The fluid coagulated as soon as it 
cooled. The chemical examination {Doctor Eichler) 
showed that the fluid contained a large quantity of 
albumin and a considerable amount of nucleoalbu- 
min. Ventricular fluid contains very little albumin | 
and does not give the nucleoalbumin reaction. No 
sugar was found in the fluid while the chloride reac- 
tion was marked. This justified the conclusion that 
the fluid came from a cyst. Punctures 2 and 3 (Fig. 
19), did not bring forth any fluid. 

After emptying of the cyst the dura over the right 
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with division of the occipital sinus, as described on 
page 43 et seq. (Plate III, Fig. C.) Puncture to 
the depth of i cm. of the left lobe of the cerebellum 
withdrew the same kin:l of clear yellowish fluid pre- 
viously obtained from the right lobe. Puncture of 
the right lobe made at this sitting gave a negative 
result. The fluid coagulated at once. With the 
needle left in siiu a transverse incision several centi- 
meters in length and "i^ cm. in dc})th was made, open- 
ing a cavity the walls of which gave no evidence of 
pathological changes to the naked eye. No con- 
nective tissue nor cyst sac was present. The cavity 
was filled with vioform gauze (page 164.) 

The right cerebellar lobe showed at its lower 
median aspect, between the puncture sights of the 
first operation, a whitish thickening of the arachnoid. 
After double ligature and division of a large vein an 
incision 3 cm. in depth was made between puncture 
holes 1 and 3. The latter were readily recognized 
by the presence of small adherent clots correspond- 
ing to the places of the original puncture holes. The 
incision exposed a cyst cavity which was (juite empty 
as the result of the first aspiration, and the walls of 
which were similar to those of the cyst on the left 
side. 

The wound was closed by suturing except for the 
two lower angles where the gauze tampons and an 
additional drain emerged. Two dnys later a por- 
tion of the tampon was withdrawn, at which time a 
moderate amount of clear fluid was discharged. 
Three days later all drains, tampons and sutures 
were removed. No fluid appeared at this sitting. 
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On the eleventh day bleeding from the cyst cavity in 
the left cerebellar lobe made it necessary to reopen 
the wound. The subject of secondary hemorrhage 
is taken up in the chapter devoted especially to this 
occurrence. The patient recovered without further 
unfavorable manifestations. 

Parasitic Cysts 

Parasitic cysts are best treated by removal of the 
cyst wall, and this should be accomplished if at all 
possible. The technique is illustrated by the follow- 
ing case. A laborer, thirty-one years of age, came 
under observation for a tumor which had been diag- 
nosticated as situated in the right central region. An 
acute cerebral compression had suddenly developed 
and was sufficiently severe to render the patient quite 
comatose. Indeed, the coma was so profound as to 
make the use of only a small quantity of chloroform 
necessary. 

The region of the fissure of Rolando was exposed 
bv osteoplastic resection of the skull. The dura was 
tense and did not pulsate. It was intended to open 
the dura with a crucial incision. The first perpen- 
dicular incision of the dura punctured a cyst cavity 
which promptly collapsed as the contents were dis- 
charged. The dura pulsated at once after the fluid 
had escaped, which occurred in a rather forcible 
stream. A second incision into the dura, made cross- 
wise, formed four flaps which were reflected, and the 
cyst wall was now incised in a perpendicular direc- 
tion, enlarging the puncture made while incising the 
dura in tlie first instance. Tlic cvst (*avity was about 
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the size of a plum, and was situated in the anterior 
central convolution, in the hand center. The cortex 
was at the thinnest portion covering the cyst about 
1 J to 2 mm. in diameter. The cyst was lined with a 
thin whitish gray membrane, which w^as enucleated 
in toto without difficulty. 

The distal portion of the cyst wall seemed to con- 
sist of normal brain tissue which bulged into the 
cavity made vacant by enucleation of the cyst. This 
was punctured with the result that fluid of the same 
character as was discharged at the first puncture 
squirted forth. Perpendicular incision of this wall 
disclosed the presence of a second larger cyst, which 
was lined with a smooth membrane and extended 
about 6 cm. forw^ard, downward and inward. Judg- 
ing from its direction it might have been regarded as 
a distended lateral ventricle ; however, the lining 
membrane proved it to be a parasitic cyst. The 
membrane was removed in two sections. A drain 
was inserted into the deeper cavity and both cavities 
loosely packed with gauze. The brain collapsed to 
a considerable extent after the cysts were opened, per- 
mitting of apposition of the dura. The space between 
the osteoplastic flap and the dura was about the size 
of a child's fist. This was also loosely packed with 
iodoform gauze. The patient withstood very well 
the operation, which required an hour and a half. 

The microscopical examination showed the cyst 
to be a multiple hydatid. Indeed, the patient ulti- 
mately died from the occurrence of nuiltiple hydatid 
cyst in the basal ganglia of the brain (Observation 
II, 7). 
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Hydatid cysts rarely reach the size found in this 
case and can, therefore, usually be removed provided 
they be located in an accessible portion of the brain. 
However, with ecchinococcus cyst, even when situated 
in the convex portion of the cerebrum, the involve- 




Fig. 20 

Cysticeruscyst of the Anterior Central Convolution, opened by 
Vertical Incision 
Details in text 

The Dural flaps formed by the cross incisions are not shown to 
enhance clearness. (Half schematic) 

ment of brain tissue may be so extensive as to pre- 
clude removal. In these instances it is only possible 
to incise and tampon the cavity. The incision in 
the cyst should be made as in the case described on 
page 59, so as to isolate its cavity from the rest of 
the wound, thus permitting of subsequent irrigation 
with largely diluted Lugol solution. 
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Cysts with Tumors 

In a subsequent chapter discussion will be entered 
into of the enucleation of a subcortical gliosarconia 
situated in the white matter beneatli the motor area 
vvhicli was complicated by tlie presence of a hemor* 
rhagic cyst. This kind of cysts, which are the out- 
come of bleeding and cerebral softening, rarely reach 
great size and may be regarded as incidental to the 
tumor formation and of secondary importance. 

On the otlier hand cystic degeneration of soUtarj' 
neoplasms of the cerebellum are not uncommon^ and 
the observer would be apt to regard the process as 
simple serous cysts did not the microscofje demon- 
strate this conclusion as fallacious. IVillianmm^ 
first called attention to this fact, and the possibility 
of error in this regard is to be especially borne in mind 
when making exploratory puncture. 

In many instances nodules composed of new tissue 
have been found in the walls of the cysts and on other 
occasions cystic degeneration has been located in the 
interior of neoplasms. The preparation depicted on 
Plate IV,, Fig. a, taken from a seven-year-old ^irl, 
shows how a sarcoma or glioma may undergo exten- 
sive cystic degeneration. In this instance the pro- 
cess is multilocular in character. 

In all eases in which neoplasms have undergone 
cystic degeneration the entire new formation, to- 
gether with the contiguous brain tissue, must be 
removed. A more comprehensive discussion of this 
problem follows in subsequent sections of this work. 

i Bf-nmsi Cy&ia in the Cerebellum. The tntenmiiontd Jottmal of IfrJiVd 
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Mention is here made of cysts of the cerebellum 
wliich are the outcome of dilatation of the fourth 
ventricle. In these eases a communication exists 
between the ventricle and the sacculated canity repre- 
senting the cyst. The sacculation is at first only 
slight) increases, however^ gradually until the dilata- 
tion extends from the vermis into the lateral lobes. 
Virchow reports a case of this sort in his Pathologi- 
cal Growths/' 1863, and Clarus reports another in 
his ** Inaugural Dissertation on Cysts of the Cerebel- 
lum/* Wiirzburg, 1874. Dermoid cysts have occa- 
sionally been observed in the cerebellum. 

To summarisse the treatment of cysts, if they be ^ 
not the outcome of degenerative process in neo- 
plasmSf the cyst wall should be excised, if possible, 
when dealing with parasitic cysts. If this be impos- 
sible the cavity should be opened sufficiently wide 
to permit of loose tamponade, and eventually irri- 
gated with iodine solution. The same procedure is 
advised with regard to cysts with connective tissue 
walls, while in the case of simple cysts without a sac 
a short tamponade and drainage will be all that is 
necessary to achieve obllte ration » 
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Those Emanating from the Brain Membranes and 
Invoiving the Brain Substance by Extension 

In presenting the subject it seems to me most de- 
sirable that the various steps of the procedure be 
described in the sequence as the contingencies occur 
upon the operating table. Of course, lesions which 
are associated with each other cannot be separately 
considered if they are the outcome of complications 
dependent upon the same cause, though they may be 
situated in different parts or at different levels of the 
brain substance. 

However, this chapter cannot be restricted to the 
simple technique of operative procedure. Fre- 
quently the method of operating is determined by 
the pathological findings disclosed during the opera- 
tion, and for this reason I will per force enter into a 
consideration of the problem from this view-point. 
I will also take up a few afflictions which do not 
originate in the brain, but involve it by extension, 
yet are not of sufficient surgical import to warrant 
consideration in a separate chapter, as for instance, 
tuberculosis of cranial bones which is taken up in 
this chapter. 

Tumors which originate from the inner table of 
the cranium, the dura mater, arachnoid and pia 
mater arc, as a general rule, benign in character, and 
are most fre(|uently fibromata or fibrosa rcomata. 
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However, they do grow into the central organ and at 
times give rise to all the symptoms of intracranial 
pressure. They push the brain before them and form 
a cavity or depriession, the floor of which consists 
of a much thinned out layer of cortical substance, 
while the tumor itself is, in the vast majority of 
instances, covered by a distinct capsule. At times, * 
a narrow interval exists between the invading tumor 
and the brain, as clearly shown in Plate IV, Fig. b. 
This specimen was taken from a bartender, aged 
forty-one. (Observation II, 3.) 

The outer layer of the dura may, as the result 
of the increasing growth of the tumor (which in 
most instances takes place toward the brain), be 
involved as the outcome of chronic inflammation due 
to irritation from the tumor. This was shown in the 
case just mentioned at the autopsy. The extent of 
the process manifesting itself, before the dura was 
opened, by the wart-like elevation of the membrane 
and its dark color. (Plate IV, b.) 

As the dura is really the inner periosteum of the 
cranium it is easy to understand how chronic inflam- 
mation of this membrane gives rise to the growth of 
new bone. For this reason the same patient shows 
the bone immediately overlying the tumor thickened 
to the diameter of 21 mm. (Fig. 21.) In addition, 
the patient presented an elevation above the frontal 
eminence corresponding to the tumor, the size of a 
goose egg, which was covered with normal skin save 
that the latter was considerably thinned out over the 
dome of the mass. This case is one of a rare in- 
stance in which a brain tumor enclosed in a 
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turned over the brain in the usual manner. The 
tumor, which was the size of a mandarin (6.6.5 
em.) was so firmly adherent to the dura that it was 
lifted from its bed in the right frontal lobe without 
further effort. It was not adherent to the brain. 




and could just as readily have been renioveil during 
life. The remaining caAnty was as smooth as the 
acetabulum and lined with pia mater and a thin 
layer of cortical brain substance. » Plate I\\ b."! 
Besides the displacement of the cortex the white sul>- 
stance was pushed downwanl, not sufficiently, how- 
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ever, to cause any deformation of the anterior horn 
of the lateral ventricle. 

Visible alteration of the dura does not frequently 
occur in this class of cases. After exposing the dura 
palpation will demonstrate the presence of harden- 
ing, as shown in a case subsequently to be related. 
This may* of course, not be particularly marked, being 
dependent upon whether the growth has a broad base 
or is attached to the dura by a narrow pedicle. 

Only in rare instances may tumors be removed 
with simple traction upon the dura, as obtained in 
the case just quoted. They are always firmly 
adherent to the dura. However, the formation of a 
dural flap will not permit of immediate dehvery of 
the tumor from its bed. In order to obtain a view 
of the extent of the process and the surface of the 
brain ^ the mass should be enucleated together wnth 
the dura with the knife, scissors or by blunt dissec- 
tion. Fragments of the tumor are very apt to be left 
behind in this way. The method is readily under- 
stood by a study of Plate V, which illustrates how 
much more advantageous it i.s to make a single flap 
than to open the dura by a crucial incision and the 
formation of four smaller flaps. In the case of a 
merchant (tliirty-five years of age; Observation VI, 
1), the usual symptoms of cerebral compression w^ere 
accompanied by pain in the posterior portion of the 
head and neck, right hemianopsia, hypereesthesia, 
ataxia and partial paralysis of the right side of the 
body. H. Oppenheim diagnosticated a neoplasm 
in the left occipital lobe. 

On June 9th, 1906, I exposed the brain by means 
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of an osteoplastic flap, making the dural flap with 
its base toward the longitudinal sinus (as I antici- 
pated working in this region) in order to avoid the 
large veins of the pia, which are located in the imme- 
diate vicinity of the sinus. The dura was incised, 
beginning at the left upper angle of the wound, 
and the incision carried horizontally to the longitu- 
dinal sinus. A similar horizontal incision was made 
at the lower aspect of the o[)€ning in the skull and 
these two joined near the transverse sinus by a per- 
pendicular incision. The dural flap was then turned 
up over the median line exposing the normal occipital 
lobe, and at the same time bringing the tumor into 
view. The neoplasm was readily differentiated from 
the surrounding brain tissue by its flesh-colored a{)- 
pearance. The dura was separated from the tumor 
by blunt dissection with the finger. 

Cortical, encapsuhited tumors may be removed with 
the finger in this manner in certain portions of the 
brain when the increased intracranial pressure and 
trauma consetjuent to the manipuhition is not too 
great. However, the enucleation nnist be accom- 
l^lished in all portions of the brain with great care, 
and progress is to be made under the guidance of 
pn*liniinarv palpation. This was done in our case. 
After detaching the dural flaj) I found that the tumor 
not only reached the median line but also extended 
inward toward the cunens and downward in the 
brain substance*. To find the ext(Mit of involvement 
in this direction I drew the falx cerebri carefully 
toward the right side with a flat tractor : however, the 
tumor ext(»nded bevond the area thus exposed. As 
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the tumor was manifestly harder in consistence than 
the surrounding brain tissue I pushed the bare 
finger (the only reHable instrument available in diffi- 
cult cases) along the middle surface of the left hem- 
isphere until the clearly defined limit of the mass was 
reached. (Plate VI, Fig. a*) It was necessary to 
bury the index finger to beyond the base of the middle 
inter phalangeal joint to accomplish the purpose. 
With the tip of the finger I could feel the tumor loosen 
as I made slight traction, and so 1 was able to lift its 
sharply defined border and accomplish the enuclea- 
tion, by blunt dissection, without provoking much 
hemorrhage. The removal of the tumor left a deep 
cavity in the brain. This was held open by retrac- 
tors to permit of search for fragments of the growth 
which may have been left behind. As none was dis- 
coveretl the sides of the cavity were released and 
came together spontaneously wliile still under obser- ^ 
vation of the eye. (Plate VI, Fig. c). 

The portion of dural fiap wliich had been adherent 
to the tumor showed at the site of adhesion fragments 
of the neoplasm which were excised (Plate VI, Fig. c, 
dotted line). The remaining [lortion of the dural 
flap was laid over the site of the cavity from which 
the tumor had been removetK covering the same 
from the right side. As the tumor had invaded the 
brain to the left and downward a layer of normal 
cortical brain substance remained, and this was also 
replaced over the cavity. The osteoplastic flap was 
then sutured into place. The tumor measured 32» 
55 by 58 mm. and was egg-shaped in outline* Fig, b, 
Plate VI, shows the tumor in natural size. Ilisto- 
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logically the neoplasm proved to be a spindle-celled 
sarcoma* After its removal the exposed occipital 
lobe showed marked pulsation* The recoverj* at 
the end of two years is still complete and the hem- 
ianopsia has entirely disappeared. 

While in the case just described the tumor formed 
a wide attachment to the dura and wajs for this reason 
easily recognized, the conditions are not so favorable 
in this regard when the growth is attached to the 
inner surface of the dura by a narrow^ pedicle. The 
development of the growth invades in the latter in- 
stance more rapidly, the brain substance displacing 
it as it grows. This obtains most certainly if the 
neoplasm grows into a fissure of the brain which 
happens to lie immediately beneath the point of 
origin of the tumor, I have seen this occur in the 
anterior portion of the brain in an instance in which 
the fissure of Syhius was invaded by a tumor the size 
of an apple, which originated from a pedicle attached 
to the inner surface of the dura not wider than a pea. 
The nature of the growth, however, left no doubt as 
to its dural origin* This tumor extended to the 
island of Iteil, and was successfully enucleated from 
the distended fissure of Sylvius. The patient, a 
woman, aged tliirty-seven (Observation IV, 1), was 
referred to me for operation by H. Oppenheim with 
a diagnosis of tumor in the left cerebral hemisphere, 
probably located in the region of the temporo- 
sphenoidal lobe. 

On November 8tli, 1907, 1 made a temporal osteo- 
plastic reseetioih The opening in the skull measured 
symmetrically 8 cm. on all sides. The dura was tense 
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and did not pulsate but was normal in appearance- 
Palpation developed a hard area of the dura the size 
of the finger naiL Corresponding to the site of loeal- 
ization of the fissure of Sylvius, previously marked 
out on the sealp with nitrate of silver, the dura pre- 
sented a shallow depression, several centimeters in 
length, and the area of hardness was palpable at a 
point eorresponding closely to tlie beginning of the 
fissure of Sylvim. Rapidly increasing intracranial 
pressure made it imperative to open the dura and 
remove the tumor at the end of twenty-four hours 
after trephining, tluiugh it had been the original 
intent to permit of a longer lapse of time. The pa- 
tient at this time was in so profound a state of coma 
as to render chloroform narcosis unnecessarj\ 

The tension of the dura had increased and pulsa- 
sion was absent* In turning down the dural flap it 
was found adherent over a small area the size of a 
pea which extended into the brain substance. The 
dura was separated from the area in order to expose 
the entire surface of the o]>ening. The pea-sized 
area (Fig, 23 a and Fig. 24 a) was located at the 
anterior portion of the fissure of Sylciu.s and extended 
dis tally from the flattened surrounding convolutions 
which latter were dry and hard. Its location cor- 
responded to the liard area palpated on the dura, 
but was slightly lower down, toward the base of the 
skulK than tlic point of tenderness of the scalp. 
The pedicle was considerably harder than the sur- 
rounding brain tissue and extended inward in the 
form of a large tumor, wliicli was covered above by 
the operculum ami below by the first temjioro- 



so The Sukgeev of the Beain 

sphenoidal convolutioiu It had presuTnably dis- 
placed the island of Rcil toward the median Hne. 
The somewhat thickly encapsulated tumor was lifted 
from the fossa Sylvii with the index finger without 
difficulty and delivered from the brain* The cavity 
left behind measured 50 by 50 mm. As soon as the 
tumor was removed from the brain tissue a rather 




Fig, 23 



sharp arterial hemorrhage occurred which spurted 
rhythmically with tlie pulse heat. The bleeding was 
not sufficiently severe, however, to cause alarm, and 
was regarded as cominj^ from one of the branches of 
artery of the fossa of Si/lvim. The soft brain tissue 
did not permit of clamping and tyinj^ of the vessel, 
though the bleeding was readily controlled by tam- 
ponade and slight pressure. 
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Tlie delivered tumor was still adherent by several 
penetrating arachnoidal vessels which, after deliga- 
tion and flivisiorij permitted of removal of the growth. 




fig. S4 



The small area of attachment of the neoplasm to the 
dura was widely exeise<l. The now rapidly obliter- 
ating residual cavity was lightly packed with gauze 
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to control the oozing, the end of the tampon being 
led to the surface, through the lower forward angle 
of the superficial wound, A smaller drain was in* 
serted at the same place. At the end of the opera- 
tion the brain did not pulsate and protruded, evi- 
dently as the result of oedema, rather forcibly through 
the opening in the bone so that the osteoplastic flap 
was replaced and sutured under considerable tension. 

The origin of the tumor corresponded to a point 
located in the center of the antero-posterior diameter 
and at the junction of the middle and lower thirds of 
the area exposed by the osteoplastic flap. The 
diameters of the tumor were as follows: Sagittal 60, 
vertical 56 ^ and horizontal 43 mm. Placed in the 
base of the skull of a cadaver the neoplasm (Fig. 24) 
quite filled the entire middle fossa. The patient 
recovered. ^ 

The procedure just described is, of course, only 
feasible when the neoplasm is distinctly differentiated 
from the brain tissue by its consistency. In the case 
just cited this difference was exceedingly well marked, 
more especially as the siirrounding brain tissue had 
undergone considerable softening, 

Ser\'iceable as enucleation with the finger may be, 
it is not applicable in manipulations requiring re- 
moval of tumors w^hich are deeply situated, as ob- 
tains in invading the cerebello-pontian angle (Tumors 
of the Acusticus). The liability of making danger- 
ous and fatal pressure upon contiguous parts, such as 
the origin of important nerves in the floor of the 
fourth ventricle, precludes employment of the cum- 
bersome finger for this purpose. Tumors located in 
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this situation may frequently be readily enucleated; 
the technique of which procedure is^ however, taken 
up in a separate chapter. (Page 134.) 

The residual cavity in the brain, left after removal 
of a neoplasm, rapidly obliterates, as has already 
been shown, and ultimately leaves only a small de- 
pression corresponding to its original site. If the 
bleeding lias been arrested by s|)onge compression or 
ligature, shallow brain depressions may be disre- 
garded, and the osteoplastic flap may be replaced 
and sutured. I have found it serviceable to make 
slight pressure upon the flap, if it has been possible 
to preserve its integrity, in order to facilitate repair. 
This inrlulgence is still more useful if the trephining 
has been done for removal of cerebral tumors, (see 
page 91), as in this class of cases the tlura is not 
usually involved in the process. To avoid unneces- 
sary repetition this is mentioned in this connection. 

If the defect in tlie brain is deep I tampon the 
space between the collapse<l dura and the lamina 
vitra with gauze and lead a portion of it out through 
the angle of the osteoplastic flap. This is by far bet- 
ter than tamponing the cavity in the brain itself, as 
all foreign bodies exercise a deleterious effect upon 
the brain, inasmuch as they cause pressure, o'deraa 
and softening; which problem will, however, be more 
extensively taken up later, (Page 170.) 



Invasion of the Brain Substance 

Excision of the Cortex 

The technique of removal of sections of the cere- 
bral cortex for Jacksonian epilepsy, where there is 
no alteration in the brain tissue, presents the least 
difficulty of all of the measures directed to the relief 
of brain lesions. After the ''primary spasm*' area 
has been located by electric stimulation, the center 
corresponding to the part thus affected is excised 
together with the contiguous brain substance, to the 
depth of 8 to 10 mm. In order to obviate obscuring 
hemorrhage I deligate all vessels encroaching upon the 
area to be excised, and uitroduce additional ligatures 
toward the center of the area, which I use to lift the 
focus to be removed^ and cut between the ligatures, 
leaving the latter long while t!ie former are cut short. 
The procedure is quite clearly demonstrated in the 
illustration^ Plate VII, a, which belongs to Oljser- 
vation I, 4, and Fig. b* which belongs to Observation 
I, 10, where details may be obtained. 

Though this deligation of vessels is essential it 
may not properly be considered as devoid of objec- 
tions, with respect to the surrounding brain sub- 
stance. Fig. c, Plate VII, shows at the site of exci- 
sion considerable hemorrhagic invasion of brain sub- 
stance though the excision was limited to a very 
small area. Death occurred on the fifth day follow- 
ing an immediate aseptic result. The autopsy made 
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by Professor Oestrewh did not demonstrate the cause 
of death and did not show any cause for the hemor- 
rhage other than the operation. (Observation I, 4,) 
This observation stimulates the writer to call at- 
tention to the danger of ligating blood vessels in the 
brain* especially arteries » which may result in serious 
nutritive disturbances in this situation. Before ex- 
tirpating a neoplasm of the brain all afferent vessels 
should be ligatured. However, this measure should be 
restricted as far as is feasible to the smaller branches 
of the vessels, and the main trunks are to be carefully 
avoided. In this way dangerous cerebral softening 
may be prevented. An especial warning is offered 
against ligature of the internal or common carotid, as 
invariably cerebral oedema follows, Horsley has 
shown that the arteries run from below upward, and 
it is therefore advised that the excision begin below 
and terminate above toward the median line. My 
experience teaches that the flow of the circulating 
fluid does not follow any definite course in the veins. 
In a general way the current flows from the longitu- 
dinal sinus, 

Jacksonian epilepsy is frequently attended with 
distinct pathological changes in the meninges and 
brain substance, and, indeed, these changes exist 
quite frequently as the causative factor in infantile 
paralysis. Of the various changes which cause 
Jacksonian epilepsy, those which are the outcome of 
chronic inflammatory processes and agglutinate the 
arachnoid, pi a and cerebral cortex are the only ones 
properly considered in this connection. If this sort 
of lesion is to be excised, hemorrhage need not be an 
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important factor, as scar tissue is quite devoid of 
blood vessels, and but rarely measures directed to 
its control are required. 

In the case of a girl of nineteen I found a tense 
scar which had contracted into horizontal folds and 
was located at the edge of cerebral hemisphere just 
where the convex portion meets the inner surface. 
The scar measured 40 mm. in length and was 13 mm. 
in width. Access was only obtained by depressing 
the cerebral hemisphere with gauze, although the 
trephine opening had been carried beyond the me- 
dian line. In this way two large veins, which led 
from the longitudinal sinus to the edge of the hem- 
isphere, were exposed and divided between two liga- 
tures. This made visible the entire scar together 
with a large portion of the median surface of the 
brain and the falx cerebri. The scar was grasped 
with a tenaculum forceps and excised together with 
a portion of normal brain substance (3 mm.) with 
the scissors. The scar consisted of white fibrous 
tissue, which had replaced the normal cortical sub- 
stance as the outcome of an inflammatory process. 
The venous hemorrhage during the excision was 
slight and reiuiily controlled by pressure. 

Extirpation of Tumors of tiie Brain 

The tumors lying on the surface of the brain 
known as 

Angioma of the Pia Mater 

occupy, as far as the technique required for removal 
is concerned, a position between the methoil of pro- 
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cedure necessar}^ for cortical excision and that ap- 
plied to the enucleation of neopUtsms which originate 
in the l>niin substance itself. The formation of the 
dural flap may provoke severe hemorrhage, if during 
this step of the operation a blood vessel should hap- 
pen to be invaded which extends from the angioma 
to the dura, and indeed this may be the case without 
there being any visible evidence to this effect. Ob- 
servation III, 2, illustrates very well the possibilities 
in this regard- 

A male patient, aged forty-six, came under obser- 
vation for Jacksonmn epilepsy. A rather extensive 
osteoj)lastic resection was made in the central region 
of the skull. The first incision into the dura was 
attended by a violent hemorrhage which was forcibly 
projected from the wound but w^as immediately con- 
trolled by digital pressure. Formation of the dural flap 
was at once completed, and as it w^as carefully raised, 
two large-si ml veins came into view whicli were 
doubly <leligated and divided. Complete displace- 
ment of the dural flap exposed a plexus of veins 
dilated to the size of the little finger, which were 
intimately intertwined upon tlie surface of the brain* 
The primarj^ dural incision had opened the branch 
connecting the two veins which had been deligated. 
The main branch leading to the dura w^as tied above 
and below\ 

None of the dilated blood vessels gave evidence 
of pulsation, justifying the conclusion that the ser- 
pentine vessels were veins of the pi a mater. In the 
center of the operative field a number of smaller veins 

were distinctly visible (about 2 mm, in diameter) 

% 
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which effectually obscured inspection of the cerebral 
cortex. (Plate VIII.) 

The posterior border of the denuded area left ex- 
posed an interval of normal brain tissue between the 
edge of the tumor and that of the trephine opening, 
about a finger's breadth in width. Above, the longi- 
tudinal sinus with a number of veins lying closely 
side by side was visible. However, the formation of 
new blood vessels extended well beyond the surface 
exposed by removal of the dural flap. 

This necessitated extension of the skin incision 
and removal of 2 cm. of bone which reached cjuite to 
the base of the skull. The d,ural flap w^as enlarged 
to an extent corresponding to the enlargement of the 
suj)erficial wound. However, normal brain tissue 
was not brought to view until the hemisphere was 
carefully raised into the trephine opening. This 
manipulation was not reproduced by the artist on 
the ground that an attempt in this direction would 
interfere with an accurate representation of the actual 
conditions presented by the neoplasm. At the lower 
portion of the exposed area the fissure of Si/lvius was 
visible. Behind tlie anterior edge of the wound the 
main vein leading to the tumor was located at the 
first temporo-sphenoidal convolution. This main 
trunk divided into two branches 1 cm. in diameter 
and a smaller ccMitral hranc^h. 

These [\\vvo v(\ss(*ls were encircled with a "full 
(•ur\(* r' needle .\ mm. in diameter and 36 mm. in 
l(Mi?»l!i, |)iissed rather wide of their walls including 
tl eontij^iions brain tissue, and deligated. Never- 
tliel(*ss (M)nsi(l(M-al)l(» l)!(V(linir emanated from the 
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pmicttrres made by tke -jieedJe, which was ccmtrolled 
only after rather prolonged pressure. While the 
pressure was being made I deligated all vessels 
leading to the tumor at the anterior and posterior 
asfjeets of the wound in the same manner, so that no 
time would be wasted and pressure upon tlie subse- 
quent needle punctures would cause no delay. I then 
deUgated the veins leading from the longitudinal sinus 
and ultimately, as a precautionary measure, intro- 
duced around the main trunk below, a deep ligature 
whieli entere*l in front the fissure of Sylvius and 
emerged liehind the first temporo-sphenoidal convo- 
lution* Care was taken to avoid the artery of the 
fissure of Sylvius. However, it was not necessary to 
go quite so deep to accomphsh the purpose* 

After deligating the numerous veins with linen 
thread tliey appeared like a number of over-distended 
sausages from which it was not possible to force the 
contained blood l)y pressure. 

The method of treatment just described is no 
doubt the only one possible in this class of cases, 
because of the danger of hemorrhage, where the 
angioma is spread over a considerable area of brain. 
Extirpation of the tumor, if situated in the motor 
cortical zone or other part of the brain concerned in 
important functions, would involve too mucli trauma 
and recpiire the sacrifice of too much brain tissue. 

After introduction of the multiple ligatures I 
obser\'ed that the blood no longer circulated in the 
dilated vessels. This justified the assumption that 
the flat venous angioma may be moi'e readily isolated 
in this way than obtains in dilatation of art cries ^ as is 
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illustrated on the face, where multiple ligature does 
not achieve the purpose despite the fact that thorough 
ligaturing has been employed. 

The operation was a prolonged one and much 
blood was lost, requiring haste toward the end. For 
this reason I did not split longitudinally the dis- 
tended vessels with the view of promoting cicatriza- 
tion. In order to cause additional irritation I tam- 
poned the entire operative field with vioform gauze, 
bringing the end of the strip out of the posterior 
superior angle of the wound and closed the rest of 
the area of approach with sutures. The tampon 
was partially removed three days later, and the rest 
withdrawn after the lapse of an additional four days. 
The gauze was quite firmly adherent and required 
considerable force to remove. A little oozing oc- 
curred at this time. Healing followed without in- 
terruption. 

The nature of the process may be designated as 
an Angioma Venosum Racevwsum. The Angioma 
Arteriale Racemosum of VircJwWy with its thickened 
dilated and elongated blood vessels, may properly be 
offered as resembling in character the process in this 
case. The affected veins were symmetrically enlarged 
and in places presented varicose dilatation. The 
elongation caused the abnormal convolutions of the 
veins which were, however, not thickened. The 
fine plexus of vessels situated at the center of the 
growth were dilated to the size of the normal veins 
of the pia or perhaps a little larger, and were a trifle 
lighter in color than the surrounding larger vessels. 
As to the condition of the neighboring artery of the 



Tumors of the Brain Substance 91 



fissure of Sylvius we cannot give any information, as 
it was not exposed during the operation. There was 
no abnormal pulsation visible at any time. 

In a second case, that of a boy of ten, I operated 
for a much smaller venous angioma (Observation 
III, 1). In this instance I doubly ligated all ap- 
proaching veins of the pia and divided them between 
the ligatures. I then split the tumor area to the 
depth of 1 cm. and the length of 2| cm. and tam- 
poned with gauze. This case was operated upon 
September 19th, 1903, and recovered. The recovery 
is maintained at the present writing. I have not 
encountered any other form of angioma. 

Tumors of the Brain Substance 

The procedure in extirpation of tumors of the 
brain substance itself varies with the character of 
growth and with the location, whether in the por- 
tions concerned in the functions necessary to life or 
if developed in parts of lesser importance. It is also 
a factor of considerable magnitude whether they ex- 
tend inward from the cortex or grow toward the 
periphery from a deep seat of origin. Important as 
these considerations are with regard to the symp- 
tomatology and the diagnosis as to the character of 
the neoplasm, the essential influence upon the tech- 
nique of enucleation is whether the growth is recog- 
nized when the dura is opened or whether they must 
be searched for in the deeper portions of the brain. 

Tumors Located in the Cortex of the Brain 

may be recognized by the absence of pulsation of 
the dura, by the fact that at times their color shim- 
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mers faintly through this membrane, and occasion- 
ally by a slight elevation at the site of their location. 
Only rarely and in cases of tumors of very hard con- 
sistence will palpation elicit helpful information, as 
the distended dura obUterates fine distinctions in 
this regard. After deflecting the dura they are in 
most instances readily recognized by their color; 
however, in infiltrating glioma this distinction may 
not obtain. It has been my experience not to find 
the dura intimately associated with brain tumors, 
and I have not had to remove the former for this 
reason. 

If the problem involve removal of 

Encapsulated Tumors 

the procedure is a simple one, as these growths 
simply need be peeled out in the same manner as 
obtains in the case of dural tumors of dural origin. 

In this connection I wish to report the technique 
employed in a case for the reason that this involved 
especial measures. The case was one of a man 
(aged forty-five) who had been sent to me with the 
diagnosis of a tumor involving the arm region of the 
motor zone. The motor area was exposed by means 
of an osteoplastic flap, and six days later enucleation 
of the neoplasm was made. The base of the dural 
flap was located below, and in order to avoid the 
veins immediately contiguous to the longitudinal 
sinus the upper transverse section of the membrane 
was made about 2 cm. below this vessel. The por- 
tion of dura remaining above wa^ seized with clamps 
and two small vertical incisions were made at either 
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side of the trephine opening. This short flap eoulil 
now be raised without endangering the longitudinal 
sinus, and exposure of the upper portion of the cen- 
tral convoUition was accomplished. 

The inner side of the dura did not exhibit any 
pathological changes and was not adherent to the 
tumor. The latter presented a flat spot the size of 
the thumb nail, was brownish red in color and situ- 
ateii between two convolutions which were assumed 
to be the anterior and posterior central convolutions. 
We will see in the chapter on epilepsy that exact 
localization of motor areas in the central region of 
the brain, through the pia, is quite impossible^ and 
that tlie seat of the anterior central convolution is I 
only demonstrated with certainty as the outcome of 
electrical stimulation. However, electric stimula- 
tion of the brain should not be employed except for| 
imperati\*e reasons, as it is in the human animal I 
attended with not inconsiderable damage. In this 
case the tumor was located beneath a distended dura 
which pulsated but feebly, and judging from the high 
position the neoplasm occupied in the motor zone, 
involved the arm area. In consistence the tumor 
was manifestly harder tlian the contiguous brain 
tissue. 

The two convolutions were next displaced laterally 
from the tumor with gauze wipes exposing a club- 
shaped area- I now pressed forward with the finger 
from above and gradually and carefully enucleated 
the mass. The tumcir, which was about the size of a 
small apple, presented its widest part toward the 
periphery. From the erlgc of the anterior convolu- 
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tion I removed a small portion corresponding to the 
site of contact with the tumor. The latter was 
studded with minute yellowish spots, and excision 
was made to be on the safe side. This was probably 
an area of hemorrhagic softening which is not in- 
frequently found in the neighborhood of tumors in 
this situation. The bleeding was entirely venous 
and readily controlled by pressure except for rather 
persistent oozing from one larger vein which we did 
not succeed in ligating. This necessitated leaving a 
small vioform gauze in situ for three days. The tu- 
mor bed collapsed rapidly, thus permitting of ap- 
proximation of the osteoplastic flap, except, of course, 
where the gauze strip protruded. Repair of the 
wound occurred promptly; however, on the eighteenth 
day following the operation the patient died as the 
result of a pneumonia superimposed upon an old 
bronchitis. The tumor proved upon histological 
examination to be a glioma. 

I have upon another occasion been able to 
enucleate a solitary tubercle, which had undergone 
central softening, from the white substance of the 
parietal lobe with the closed scissors. 

Far more unfavorable conditions attend removal of 

Non-Encapsulated Tumors of the Brain 

In these cases no other course is available than to 
(ieligate all approaching vessels and to extirpate with 
scissors and knife. If the tumor differs markedly in 
consistence from the brain tissue, as frecjuently ob- 
tains with sarcoma and glioma, the extirpation re- 
sembles the technicjue of enucleation by sliellint: out. 
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and we may expect to accomplish complete removal, )^ 
especially if the contiguous brain tissue has under- 
gone more or less softening. 

Most unfavorable conditions are undoubtedly pre- 
sented in cases of infiltrating glioma, for their limi- 
tations are not always recognizable even upon sec- 
tion of the brain tissue, and their removal becomes 
of doubtful expediency. The mass is to be removed 
widely with the scalpel and spoon and the normal 
brain tissue quite invaded and removed. However, 
even then it is a matter of doubt whether or not por- 
tions of the growth may not have l>een left behind. 

A case of this sort is depicted on Plate IX. The 
patient, a man of fifty-three, whose clinical history is 
given in Observation III, ti, was afflicted with a 
non-encapsulated glioma which had been diagnosti- 
cated by H. Oppenkeim as locatetl in the upper third 
of the motor cortical zone. Exposure slio\\^ed the 
tumor to extend 4J cm. downward and measured 
5 cm. laterally. Excision left a cavity 5 by 6 by 
2 J cm. Death from collapse ensued and autopsy 
showed that despite the considerable area of excision 
the tumor had not been entirely extirpated. While 
the discoloration of the cortex made recognition of 
its limits possible in this situation, the neoplasm liad 
extended still more widely in the dee]jer portion of 
the brain, where the contrast in color did not obtain 
(Fig. b). In addition to this the absence of modifi- 
cation in consistence as contrasted to the normal 
brain substance made a radical extirpation impos- 
sible. In operating upon cases of this sort the 
technique in this regard is a matter of chance. 
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Subcortical Tumors of the Brain 

The difficulties just discussed are still greater in 
the removal of tumors located in the white matter of 
the brain. After displacement of the dura it is fair 
to assume that the symptoms previously presented 
are the outcome of encroachment upon the cranial 
cavity if the convolutions are flattened, the sulci ob- 
literated, and the cortex present a dry lusterless ap- 
pearance. Recognition of tl:e deeply located site is 
not determinable by palpation, and for this purpose 
needle puncture (akidof)eirastic) probe puncture and 
aspiration of tissue portions are indispensable. 

Prol)e puncture with the hollow needle and aspi- 
ration of cylindrical sections of tissue for micro- 
sco{)ical examination arc extensively discussed in the 
chaj)ter on The Neisser-Pollack Brain Punc- 
ture and the section entitled Personal Expe- 
riences/*^ to which the reader is referred (page 237). 
In o|)erating upon the l)rain all possible contingencies 
should be prepared for and a trained assistant capa- 
ble of making immediate microscopical examinations 
should be available. It is worthv of note that the 
cylindrical brain sections j>ermit of more accurate 
examination after thorough hardening. 

At times the fluid aspirated will furnish a guide as 
to further procedure. In the case of a woman of 
forty-nine, who j)resented the symptoms of tumor in 
the right motor region (Observation III, 6), exposure 
of the l)rain revealed a yellowish elevated area. 
Puncture in the center of the area (Plate X) provoked 
discharge of 5 cni\ of sero-sanguinous fluid tinged 
with yellow when the depth of 2 cm. was reached. I 
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then made an incision 4 cm* in length through the 
dome of the elevation, causing tlie discharge of an 
additional 5 cm\ of siniihir flnitl. The finger was 
then inserted > revealing the presence of a round tu- 
mor the sii^^e of a walnut which was located forward 
and inward from the site of incision (Fig. b). The 
tumor was readily enucleated with scissors, as the 
surrounding brain tissue Tiad undergone considerable 
softening. The tumor — which u|>on microscopical 
examination proved to be a glio-sarcoraa — had pro- 
duced lieniorrhagic softening and causeil the devel- 
opment of the cyst in vvliicti the neoplasm was 
containe<h 

Akidopeirastic was introduced by von MiMel' 
dorp in 1856, and is of considerable value in certain 
instances, as show^n by the following experience. The 
history of the operation is related at length, as it fur- 
nishes an example of the method of proeetlure 
employetl by the writer, in enucleating subcortical 
neoplasms. The patient, a niiilc mgcd thirty-four), 
had already been subjected to the trci)liining opera- 
tion in the right temporal region three years pre- 
viously. Aside from the fact that the dura had not 
been opened at the first oi^e ration the opening had 
been made too far forw ard. H. Oppimheim sent the 
case to me with the tliagnosis of a neoplasm in the 
lower portion of the right central convolution. The 
patient presented choked disk* cortical epilepsy, 
monoparesis facio-brachialis sinistra and sensory dis- 
turbances in left upper extremity • On April i3d\ 
1907, an extensive osteoplastic flap was made which 
measured 80 mm, in its sagittal and 60 mm. in ver- 
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tical diameter, exposing the motor zone and at the 
same time the dura was opened with the base of the 
flap directed downward. 

The exposed brain area gave no evidence of 
change except that the convolutions were flattened 
and pulsation appeared diminished. However, the 
exploratory needle met with a certain added resist- 
ance when the depth of 20 mm. was reached, in the 
anterior central convolution. This phenomenon was 
verified by repeated punctures, and after deligating 
the contiguous blood vessels I made a horizontal 
incision 55 mm. in length through the cortex of the 
brain into the white substance beneath, exposing at a 
depth of 26 mm. a non-encapsulated tumor (Plate 
XI, Fig. a). At this time the patient's general con- 
dition l>ecame alarming, and extirpation was not 
deemed advisable; however, a small section of the 
tumor wai5 removed for microscopical examination. 
The wound was closed and primary union followed. 
An intercurrent croupous pneumonia made it neces- 
sary to postpone the second stage of the operation 
until Mav 16th. 

During this interval the skin over the field of opera- 
tion began to bulge. A puncture made at the dome 
of the protuberance on May 3d withdrew 1 cnW of 
fluid slightly tinged with yellow. The enhirgenient, 
which pulsated slightly, was believed to be caused by 
ctMlematous brain and tumor mass. By the lOtli of 
May an area of ulceration the size of a silver (|uartor 
of a dollar had formed, at tlie site of tlie scar of tlic 
operation of three years before, liy the ^27th of May 
the entire operation field had elevated nhove tlu* nor- 
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nial level of the skull to the <iimensions of an axhilt 
male fist* The ulcerated skin area had developed 
into a granulating brain prohipse the size of a ehikrs 
closet 1 hand. The latter was excised to conserve 
asepsis during the radical o|3eration which was under- 
taken on June 1st. The portion of the protuberance 




Fig, 25 



(Fig. 25) covered by skin had now reached the size 
of two adult fists. The ulcerating area had grown 
again, and attained the size of a [mtato. Removal 
of the latter exposed a grayish green, partially cystic 
tumor mass. The skin and bone w^ere divided in the 
line of the old scar and the flaf) turned down, expos- 
ing at once the tumor. The neoplasm was not en- 
capsulated, and was carefully enucleated from the 
brain tissue with a flat, soft metal spatula and the 
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index finger (Fig, 26). A prolongation of the tu- 
mor the she of the index finger, extending forward 
and downward, was removed together witli a por- 
tion of surrounding* apparently normal brain tissue 




Fig. m 

with the spatula. In exeisiTig the hitter jKirtion of 
the mass a slit-hke cavity wa*^ o{HMied, which proba- 
bly was a part of tlie lateral ventricle. uVnlerior 
homr) A f|uite active arterial hemorrhaije bubbled 
up from the ileep wound which was, however, readily 
controlleil by gauze tamponade* Macroscopically 



Subcortical Tumors of the Brain 101 



there was no evidence of remaining neoplasm. The 
tampon strip was led from the anterior inferior angle 
of the wound, the rest of which was closed by sutur- 
ing. 

During and immediately following removal of the 
tumor the pulse became irregular and ceased to be 
perceptible for one to three minutes on several occa- 
sions. These intermissions were followed by ex- 
acerbation of rate up to 140 beats per minute. Later 
the pulse became slower and stronger. Tamponade 
was followed by epileptiform convulsions which were 
preceded by nystagnms, also contraction of pupils and 
short intervals of clonic spasm of all the extremities. 

The extirpated tumor — an infiltrating glioma — 
was about the size of a grape fruit (over 8 cm. long), 
was oedematous and infiltrated with hemorrhagic areas 
of greater magnitude than the surrounding brain tis- 
sue. The oedema, however, was no more marked 
than was presented by the brain tissue. Besides its 
grayish-green color the tumor differed from the sur- 
rounding brain sul)stance inasmuch as it was much 
less vascular than the latter. Beyond this the tumor 
vT'ds the seat of numerous flat, slit-like cystic cavities. 

In comparison to the conditions at the first opera- 
tion, when the excision was abandoned, the tumor 
was located much nearer the surface, this being no 
doubt the outcome of the decompressing effect of 
the preliminary osteoplastic resection. Beyond this 
the tissue surrounding the mass was more markedly 
softened, making more readily discernible the line of 
demarcation. The first o})eration may be regarded 
as having had a favorable influence to this extent. 
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The tampon was removed on the fifth of June and 
its wound of egress closed with two small sutures. 
The wound healed rapidly and without complicating 
occurrences. On the tenth of June the effects of the 
operation >vere overcome, the patient was mentally 
clear and the appetite good. This condition was 
maintained until well into the month of July. At this 
time the patient began to show evidence of depressed 
vitality and mental derangement, and died on the 
20th of August from a gradually increasing asthenia. 

It w^ould be exceedingly desirable if the directioit 
of dividing the cerebral cortex were suscep- 
tible of certain well-grounded laws, when approach 
to subcortical neoplasms and deeply locatetl abscesses 
is made. AH trauma to the brain destroys a large 
number of important nerve elements and results fre- 
quently in paralysis. For thii^ reason incision into 
the cortex and subsequent invasion of the deeper 
structures of the brain is to be executed with care, 
and only as the outcome of clearly defined indications. 
Exact guidance in this connection is not available at 
present. It is to be hoped, however^ that the future 
will give more accurate information with respect to 
the direction of the fibers, and thus make possible 
certain methods of procedure in incisions in this 
situation. As few blood vessels as is possiljle should 
be deliffated or divided for the reason alreadv stated^ 
that cerebral softening is likely to hap[)en as the 
result. 

Occasionally it has been feasible to remove sub- 
cortical tumors without destruction of ner\^e tissue 
when the neonlasm has been situated in a fissure as 
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at times obtains in the fissures of Rolando and Sylvius. 
Under these circumstances it is only necessary to sep- 
arate the meshes of the arachnoid, tie the contiguous 
blood vessels and enucleate the tumor after separating 
the convolutions adjoining the seat of the growth. 
The technique of this procedure is shown with re- 
gard to the fissure of Sylvius on page 79, and the 
central fissure on page 92. 

The brain substance is held aside by dull right- 
angled retractors which should be available in various 
sizes. These tractors are employed in holding open 
the incision or the adjacent convolutions during re- 
moval of the tumor. I find it of service to cover the 
smooth metal blades of the tractors with a layer of 
gauze which causes the brain substance to adhere to 
its surface, and the brain tissue is held asunder with 
less pressure than obtains if this be not done. As to 
the treatment of the tumor bed after enucleation see 
page 82. 

Opening Brain Abscess 

The opening of brain abscess always requires divi- 
sion of the cerebral cortex, and for this reason the 
brief remarks submitted with regard to the general 
subject of brain abscess belong here, immediately 
following discussion of the technique of removal of 
sul)cortical neoplasms, especially as 1 have quite 
abandoned ex{)loratory puncture through the dura 
in cases of suspected abscess. Puncture of the brain 
for pus must be done with a large needle, as the exu- 
date is likely to be very tenacious, and if the puncture 
be made through the intact dura, pus is apt to gain 
access to the arachnoid spaces and spread the infec- 
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tion. As a rule I fashion at once the dural flap with 
a (l('{)on(lent base, obtaining thus ample space for in- 
s{)ecti()n, and any oozing of pus from puncture open- 
ings made at this time can lye removed with gauze 
wipes. In o|)erating for epilepsy or tumor the field 
is as('pti(!, while in attacking brain abscess it is nec- 
essary to avoid contact of the arachnoid with the in- 
fectious exudate, a j)recaution which should be taken 
in both septic and tul)erculous abscesses. The safest 
procedure is to make prelimiiuiry 

Protective Tamponade of the Subdural Space 

This is accomplished by inserting between the dura 
mater an<I the arai^hnoid space sterile vioform or iodo- 
form gauze strips (Plate XL Fig. b). In these cases 
the in(*isions forming the dural flap should be located 
a littK* farther from the edge of the bone, i. about 
1 em. The uiarginal <lura is now incised in an ob- 
lif|ue direction at the corners of the exposed brain 
area, forming tlnve small flaps which are located to 
either side and at the upjH^r l)order of the wound, and 
thcvse may be held aside with clamps, exposing (juite 
enieiently the subdural spaiv. The large dural flap 
is now drawn tensely toward the base of the space 
and the interval betwtvn it, and the brain tamponed 
with givat eare, for hen\ of course, because of its 
dependent location, infection is most likely to 
oeeur. 

Not until thorough isolation of the area by tam- 
pi>nade has Ihhmi aci*ompli>heil ilo I make exploratory 
jMinctuiv or incision into an abscess. Incision may 
be di>]ie at i>niV if the 
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Abscess be Located Superficially 

and is recognized when the dura is openecj. The 
incision in cases of this sort is made through tissue 
already destroyed, and no additional damage is done. 
Conditions of this kind are shown in Plate XI, Fig. 
b, which illustrates the case described under Ob- 
servation V, 1. 
When, however. 

Abscess In the Deeper White Substance 

is invaded the problem presents a quite different 
aspect as regards localization of the pus focus. I 
first puncture the brain with the needle alone, em- 
ploying one of wide diameter, i. c, about 2 mm. If 
the pus is under pressure it will ooze cut through the 
needle, if its consistence l)e not too tenacious. If no 
pus appears I make suction, at the same time slowly 
withdrawing the needle. If the result be negative 
this procedure is repeated at several various situa- 
tions, altering each time the direction of the punc- 
ture. The pus may be sufficiently tenacious to resist 
aspiration. In these instances incision with the knife 
is indicated if sufficient justification be created by 
the clinical picture, for, of course, liberation of the 
pus is absolutely essential to the maintenance of life 
in these cases. 

When the abscess is located the canula is left in 
place and used as a guide. The knife is then carried 
along the needle and the abscess cavity opened to the 
extent consistent with the size of the abscess cavity, 
or the closed forceps is introduced into the cavity, 
guided by the needle, and opened when the cavity is 
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reached, thus crowding aside the brain tissue. The 
usual precautions employed in dividing brain tissue 
are shown proper consideration in the execution of 
this step of the procedure. The port of entrance to 
the pus cavity is held open with the blunt right-angled 
retractors already described, and after careful wiping 
away of the pus the space is inspected. It is not 
unusual to find pus emerging from contiguous 
smaller abscess cavities, the existence of which are 
determined with the sound. It is best to introduce 
the little finger into these smaller cavities under 
guidance of the sound, and carefully break down its 
walls. Sufficient of the isolating wall should be de- 
stroyed to convert the entire area of infection into a 
single cavity, thus conserving rapid healing. It is to 
be borne in mind that a multilocular arrangement of 
cerebral abscesses is not uncommon. 

If the abscess be of acute septic origin its walls 
should not be curetted, as this would be liable to 
cause extension of the infection. If the abscess be 
chronic and have a distinct membrane, as is frequently 
the case in this kind and in tuberculous abscesses, the 
membrane should be removed. I am in the habit of 
inserting into these cavities several good sized drains 
and then tampon the rest of the space with vioform 
or iodoform gauze. Fig. a, on Plate XII, depicts 
this measure employed in the case of a male of eigh- 
teen. The protective tamponade is not shown in 
this illustration for reasons of clearness. The case 
was one of metastatic abscess located at the facio- 
brachial center (left), which had occurred secondarily 
to a pleural empyema. 
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Dural and Extradural Processes Involving 
the Brain 

A number of conditions originate in the cranial 
bones and dura which extend to the brain and require 
invasion of the latter for relief. Strictly speaking the 
neoplasms which spring from the dura belong to this 
class but have been considered under a separate head 
(page 71) as they present e^isentiaUy the clinical 
picture of brain tumors and practically require the 
technique of brain surgery for removaL 

Brain Puncture with Extractural Abscess 
Injuries of the skull are frequently complicated by 
involvement of the brain itself, although special con- 
sideration of the treatment of the brain trauma need 
not be taken up in this chapter^ This applies also to 
traumatic brain abscess and those suppurative pro- 
cesses in the brain occurring as the outcome of inflam- 
mations of the scalp and cranial bones. However, I 
enter in this connection, to a certain extent^ into dis- 
cussion of the extradural abscesses which so fre- 
quently complicate middle ear disease- Removal or 
temporary resection of the contiguous bone and care- 
ful loosening of the dura, wliieh forms the inner [Jeri- 
osteum of the cranial bones is all that is necessary 
under these circumstances. Especially in children, 
because of the thinness of the dura, cure in its manip- 
ulation is esj>ecially required. However, in cases of 
extradural abscesses and in suppurative middle ear 
disease serous meningitis is liable to occur and 
simulate very closely abscess of the brain. The ex- 
posed dura is tense and devoid of pulsation, and the 
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question comes up as to the advisability of making 
exploratory puncture of the brain. 

From the standpoint of asepsis puncture of the 
dura and invasion of the underl)4ng parts through a 
suppurating area is an exceedingly offensive propo- 
sition. Indeed, I have already stated that puncture 
of a diagnosticated brain abscess should only be made 
after the dura hiis been o[>ened and the surrounding 
parts carefully isolated by tamponade* If the symp- 
toms are reasonably accounted for by the suppura- 
tion outside the dura, the puncture should not be 
made. The entire exposed area may be packed with 
iodoform gauze^ and if the symptoms, after a day or 
two, should still point to cerebral involvement the 
technique employed has at least contributed some- 
what to lessening the extra<lural sepsis. If. however, 
the clinical picture be a grave one and intlicate cere- 
bral involvement and call for immediate invasion of 
the brain tifisue* the exploratory" puncture should be 
made at a site remote from the extradural abscess 
and the puncture point be pre\iously wij>ed with a 
one per cent, sublimate solution, 1 have frequently 
proceeded in this way and have had no deep infec* 
tion occur; however, a verWl communication from 
an excellent ear specialist informs me tliat he has 
frequently seen it occur. If the case be one of 
serous meningitis, clear fluid will be dischar^jed from 
the puncture hole in considerable i[Uantity as the 
oulrome of the increaseil pressure. If the fluid dis- 
chai^ed be pus the method of procedure is that 
stated on page 

What has here been stated with regard to the 
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brain compli eat ions of suppurative middle ear ilis- 
ease, also applies to pus in other situations in the 
cranial cavity as for instance in 

Tuberculosis of Cranial Bones. 

In the majority of eases tuberculosis of the flat 
cranial bones perforates, whether it be of the charac- 
ter of a cheesy sequestrum or — as is less often the 
case — tuberculous granulations which gradually in- 
vade the bone and ultiniately reach tlie dura. The 
outer surface of the dura is not infrequently covered 
with tuberculous granulations, and these must be 
removed at the time of the operation, a step usually 
efficiently accomplished with the curt*tte* 

Fig. b, Plate XII shows a perforating tuberculosis 
of cranial bones. The illustration is made from the 
inner surface of the cranial do!ne after the dura mater 
and the brain have been pushed to the left side. The 
parietal bone is |>erforated with an irregular opening, 
surrounded with cheesy deposits which also stud 
the outer surface of the dura. 

At times the cheesy granulations extend over a wide 
surface of tlie dura, so that even an extensive trepliin* 
ing does not permit of complete exposure and re- 
moval of tlie involvement- Although the area of dis- 
ease may be extensive, it usually ceases in the 
dura and does not go on to invasion of the brain itself. 
Characteristic examples of the process are depicted 
on Plates XIII and XIV, Plate XIII shows the 
outer and Plate XIV the inner surface of the dome 
of tlie cranium* In the latter instance the dura is 
peeled back from the bone. The [latient, a male. 
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aged eighteen^ had been afflicted with tuberculosis 
for yeai^, and ultimately died of amyloid degenera- 
tion of the abdominal organs. The process had per- 
forated the cranium, involved the dura and quite 
destroyed the entire frontal bones. The repair tissue 
replacing tlie destroyed bone liad cicatricised into a 
hard tense membrane which was intimately adherent 
to the dura and could not be separated from it. This 
is shown in Plate XIV as a translucent area. Despite 
the extensive disease the brain remained intact* and 
the normal convolutions are shown in Plate XIU 
through an incision made in the scar area. 

However, the brain mav become involved in two 
ways as the result of tuberculosis of the cranial 
bones* Most frequently the formation of abscess 
In the brain tissue occurs. The operative treat- 
ment under tliese circumstances does not differ in 
technique from that which obtains in the class of 
causes just fliscussed^ except, perhaps, that entire 
removal of the membranes lining the abscess cavity 
is imperative. As I do not take up this subject 
again, an example of the process is depicted on 
Plate XV. 

The illustration shows a sjwimen from a female 
patient aged thirty. Three years liefore coming un- 
der my observation she had l>een subjected to ojje ra- 
tion for relief of a tuberculous fofu*^ in the trochanter 
major of the right femur. Twf> and a half years hitcr 
the corresponding hip joint was re?*ect.4'd for the same 
affliction. The latter was f*fllowcd by recover)' witli 
a sinus. She was admitted t^i my HiTvic** Mifr**ring 
from a cold abscess of the skull in the regi<Mi the 
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anterior fontanelle. Incision revealed the presence 
of a tuberculous sequestrum the size of a pea. This 
was removedj the neighboring bone scraped and the 
tuberculous granulations lying on the subjacent dura 
were removed. The dura pulsated in a normal man- 
ner. The wound was packed with iodoform gauze. 
Repair without sinus resulted. 

Two months later another abscess formed over the 
posterior fontanelle* At the same time the patient com- 
plained of headache and vertigo, the latter persisting 
when the patient was in the recumbent position. Be- 
yond these no cerebral symptoms were present. 
Opening of the abscess disclosed cheesy bone^ which > 
despite extensive resection, did not permit of entire 
removal* The dura was thickly covered with tuber- 
culous granulations and did not pulsate; it was also 
markedly tense. Incision of the dura disclosed a 
pus area the size of an apple immediately beneath the 
cortex of the brain. The abscess cavity was lined t>y 
a characteristic membrane which could be iciitlily 
removed with the semi-sharp spoon. Iodoform tam- 
ponade achieved considerable reduction in size of the 
cavity and the brain symptoms disapfjeared. How- 
ever, a sinus remained. The patient's general eon- 
dition did not improve; in a few weeks albuminuria 
developed, which was followed very soon by amyloid 
degeneration of the abdominal organs, and six 
months and a half later death supervened. 

Autopsy revealed a much more widely distributed 
process than had been made manifest by the clinical 
symptoms. The case was evidently one of pro- 
gressive infiltrating tubercuiosis of the era- 



112 



The Suegery of the Brain 



nial bones* Extensive areas of the bone were of a 
pale yellow color consisting of cheesy infiltration* 
Normal bone appeared only in narrow strips. Be- 
neath the diseased bone the dura was covered with 
tuberculous granulations which at the site of the tre- 
phine openings had accumulated to a still greater 
extent. 

Only in rare instances is the Brain Surface 

infected by extension of tuberculous processes 
from the bones, A case of this sort is shown on 
Plate XVI, which represents the conditions found in 
a young man of seventeen, who had been burdened 
with a tuberculous heritage from the father's side. 
The patient had noticed a gradually iucrcasing swell- 
ing on the left side of the skull, which developed 
within a period of several months. When he came 
under observation he presented evidence of cerebral 
pressure, (bilateral choked disk, vertigo, staggering 
gait, headache and vomiting), also aphasia, and pare- 
sis of the middle and lower divisions of the rii^ht facial 
nerve. A cold nonpulsating abscess was palpable, 
situated 7 cm* above and 1 cm. in front of the right 
auricle* The location corresponded to the lower por- 
tion of the central fissure ( Plate XVI, Fig. a, brown 
line). Exposure of the bone revealed a sequestrum 
the size of a lentil which was so firmly imbedded as 
to require removal with the chisel. 

This step brought the dura into view, wliieh proved 
to be tense, devoid of pulsation and covered with 
tuberculous granulations. Bone to the extent of 
5.6 cm. was removed before the diseased area was 
entirely exposed* AVhen the dura was opened the 
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brain prolapsed sharply and was found to be infil- 
trated with tuberculous granulations which involved 
the cortex (Plate XVI, Fig, b) and extended into the 
medullary tissue, requiring considerable invasion of 
the latter in order to accompHsh removaL The 
defect was filled with iodoform gauze. After the 
operation the right side of the patient was paralyzed- 
However, this cleared up almost entirely (hiring the 
subsequent three weeks. The brain continued to 
prolapse through the trephine o|3ening ami ultimately 
attained the size of an apple, Twenty*four days 
after the operation the patient died in convulsions. 
Autopsy showed the lungs and spleen infiltrated with 
tuberculous areas and tKe right cerebral licniisphere 
was the seat of a conglomerate tuberculous focus the 
size of a walnut (Page 148). The seat of the o]>er' 
ation was free from tuberculous disease. 

Gumma 

Syphilis of the cranial bones and dura is much more 
likely to invade the brain than tuberculosis in these 
situations. It is a well-known fact that old syphilitic 
processes are not always amenable to medication. 
Gumma of the skin, bones, tongue, etc., which Viav^e 
for years resisted untisyphilitic medication, have 
healed after thorough excision. It would seem ra- 
tional to employ a similar method of procedure in 
cases of pachymeningitis syphilitica which provoke 
cerebral disturbances and do not yield to any other 
method of treatment. Indeed, in some instances, it 
is best to attack the disease surgically before the 
cerebral cortex and medidhiry substances become 
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lnvi»*li*'l. nu*i itnpfjrtitnl fiiiHtions ixTTtmneiitij 

nnWy itijiriitetl in iristiiiif w liere tlie [i rut ess is 
Ifieated in tli*' vvguni uf the centers concerued in 
fiitiGtbtui MMiitial to the m&intefianoe of uaeful 
lifii. fixptriraw In other portioiift of the body 
teaclMi tiiftt the Mtiiigfpiulitic mtdicatlon becoms 
ji^tdii dFectual after ramoval of an obatiaate foeus. 

In order to <*<nu|)1ete the gubjeet, mentioii dliould 
Uv mm\r thai Actinomycosis may extend to the 

hniiii iind rurrn iin^:is of inlVdicMi \\ifhhi its sulKstance. 

Perforating Sarcoma li:is n teiuhMicy to ex- 
liMid miiward iiUisiug ukvralioii uuil dcsitrueUuii uf 
thu bonis und appears upon the surface of the skull 
in the form of an artheromatous mass in die scalp, 
(lecanionall^f^ however, the gromih takes place to- 
ward the brains A sep arate chap ter is devoted to 
eo|iiMerutif)n of dural Mrcoma, 

In the claas of casei just discussed, in which the 
hvi\u\ IS siH^nidnrily involved by extension of the 
jM^Hw^. tlir tmitnnnil in\xih*es a inniibi nation nf Ire- 
phinin*:. dural stxiion and brain n^stvtiotK As these 
stx^y^ ;iiv given detiiiletl euimderation in oilier por^ 
linns of this vmtk they need not be taken up here. 
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Operations at the Base of the Brain 



In order to gain access to the base of the brain for 
the purpose of attacking tumors in this situation, it 
is necessary to lift the brain with broad, flat retrac- 
tors. I employ for the purpose the form of instru- 
ment used for exposure of the ganglion of Gasser 
(F ig. *27) and the spatula: shown in Fig. 2S. The 




one shown in Fig, 27 is slightly curved at the handle 
end. An iniportiiat c onsideration is, whether the ap- 
proach is made after the tlura has been widely opened 
or the dura be displaced with the fingers, dull perios- 
teal elevator, or by means of small gauze wijies at- 
tached to slender sponge-liolders. A certain degree 
of (}Tessure upon the brain obtains in either instance. 
When the dura is left intact the retractor pressure is 
disseminated by the hard resisting ilura. and pressure 
at a restricted area is avoided, ^ 
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However, pressure upon the unopened dura raises 
the entire cerebral pressure by disphi cement of cere- 
bro-spinal fluid as the outcome of compression. For 
instance, raising of the frontal lobe forces the cere- 
bro-spinal fluid from the hiteral ventricle toward the 
medulla oblongata and may give rise to disturbances 
I of respiration and heart's action, which are at times 
] of menacing import* To^ in a measure, obviate this 
contingency the dura may be opened to a slight ex- 
tent, and discharge of the cerebro-spinal fluid per- 
mitted. Beyond this, lifting of the brain is carefully 
executed, and the pulse and respiration i^ubjected to 
persistent espionage during the procedure. To ob- 
viate venous bleeding from the dura and bone at the 
base of the skull, the wound beneath the tractor is 
loosely packed with gausce and the tractor firmly 
pressed downward. When the brain is permitted to 
reassurae a more normal position, the bleeding from 
the dura stops. During these intervals the pressure 
on the brain is released. 

The greatest diflftculties are confronted as the out- 
come of insufficient illumination, tliis, of course, be- 
coming more manifest as tlie depth of tlie woutifl is 
increased* Many surgeons epiploy electric forehead 
lamps or similar apparatus, Tlie writer has been able 
to succeed so far with daylight alone; however, sitle 
illumination from a high window is exceedingly de- 
j sirable. The best artificial illumination apparatus 
is that manufactured by Zeiss at the instigation of 
V, Eisehherff, 

Operations upon the brain itself, of course, cannot 
be, like rernuvnl of the ganglion of Cassvr nwil tumors 
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coiinected with it (see chapter on this subject), ac- 
complished without opc^ning the dura- However, the 
first portion of these operations may be performed 
without section of this membrane, and thus the brain 
tissue be spared unnecessan* manipulation. In this 
eonnection I submit a description of 

Exposure of the Pituitary Bo<ty 

based on the history of tlie following caie. A 
technician, twenty years of age^ as the outcome of 
an unsatisfactory love affair, fired a large-sized huflet 
(7 mm.) into his right temple- The immediate symp- 
toms were severe but cleared up rapidly, and al the 
end of a month tlie patient wu ifarfiaiged cured. 
The Roentgengram showed the bal^ located in the 
anterior cramal fossa resting upon the rigbt orbttal 
plate of t}ie frontal bone ' Fig. iS}, At the end of 
several arlditional weeks he came again mAw ufawr- 
▼atkm suffering from ierere cephala%iaf intenHteeiit 
uncons€!iottstie» and disturbed menial opefalifm. 
Removal of the iMiIIet was tegaiikd as MoKatodL' 
An oiter>p[astic flap, 6 cm. wide and em. to besydktr 
was fa<»hionef] at the rij^t forehead lateral to the 
fmntal %inus ami the rliira laid aside to a rniTeaftmA- 
ing rxtenl. When the dura waa raiieii ham the baie 
of the ^kfiit the bone wa» fooiid ibiMtd with wmtM 
pigmenteri area^, erideTithr the mdk of Ar oU 
injnfy. The hollef found near the isaer mAt nf 
the orbttal plafe, cln^ to the ea t faiiee al the 0p6t 
ner^e i nto the orliil. It wa^ e maori m m nrfkir tlidk 
lajpr f4 fierimfenl f\nnn^. After reiM^fal of hiAet 
rhe fli^p f^pinfftf »ml <fitfired. The palifi mm 
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operated upon in January, 1900, and recovered. 
Examination made near the end of 1907 found him 
entirely free from symptoms. 

As 1 had succeeded in reaching the optic foramen 




Revolver Bullet in Anterior Cranial Fossa, Lyinff on Posterior Fart 
of Orbital Plate. Drawn from Radiogram. 

from in front, in order to extract the bullet, it seemed 
feasible to approach the pituitary body in the same 
way. 

As shown on Plate XVII, the technique is as fol- 
lows: A ri^ht-angled osteoplastic flap, 5 J cm. wide 
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ami o em, in height, is made, the base of which is 
downwarcL To avoid the longitudinal sinus the 
median section is made H to 2 em. lateral from the 
metliau line. This oblique avenue of approach is 
better than the more direct route. The dura of the 
frontal lobe is now in view. At first the manipula- 
tions are made extradurally, since, as has been already 
stated, less disturbance attends the lifting of the 
frontal lobe when the brain is protected by the dura 
in this manner. The dura is loosened from the upper 
surface of the orbital plate as far back as the lesser 
wing of the sphenoid bone. Here the dura is opened 
in a vertical direction on a line with the lower median 
angle of the wound at a depth of 5 cm. (better a half 
cm, farther forward), measured from the anterior 
surface of the frontal bone. If the incision in the 
dura be made at a deeper point there is danger of 
injury to the o[>tic nerve wliich is covered by the dura 
in this situation. Laterally the dura is opened paral- 
lel with the posterior bonier of the lesser wing of the 
sphenoid bone about § em, in front of it, to avoid the 
sinus which lies immediately in contact with (he edge 
of the bone. That is, the incision is made on the 
upper roof of the orbit. This exposes the optic nerve» 
coming from the chiasm and to the side the c^erebral 
carotid. The pituitary bo<ly is located beneath the 
anterior edge of the chiasm. It is to be noted that 
the jieduncle of the pituitary body arises from the 
brain liehind the chiasm, but tliat the hypophysis 
itself lies in front of the chiasm, I have convinced 
myself of this relationship by observations upon the 
cadaver, which I have also verified upon the living. 



120 The Surgery of the Brain 

justifying the illustration showing this arrangement. 
The wound is somewhat deeper than is required for 
removal of the ganglion of Gdsser, measuring from 
the anterior edge of the bone 6^ to 7 cm. in depth, 
according to whether the approach is made from the 
median line or to one side. The diaphragm of the 
Sella Turcica is now carefully incised with a small 
hook-shaped scalpel and the hypophysis is readily 
removed. 

The method has not yet been employed for re- 
moval of tumors of the pituitary body, but has been 
used in the instance of enucleation of a large 

Tumor at the Base of the Skull 

which was located exactly at this situation. The pa- 
tient, a woman, aged thirty-four, had been under 
observation since the end of 1904, in Schloesser's 
Polyclinic, for disturbances of vision. H. Oppeji- 
heim diagnosticated "a tumor at the base on the left 
side in the region of the chiasm in the middle portion 
of the middle fossa of the skull. It is not,'' he pro- 
ceeds to state in his report, "possible to state whether 
the growth has its origin in the base of the skull or in 
the brain itself. The early occurrence of character- 
istic eye symptoms (ultimately left amaurosis, right 
temporal hemianopsia) argues for the base of the skull, 
so also does the late appearance of hemiparietic mani- 
festations on the right side." The Roentgengram 
showed an unusual shadow in the region of the Sella 
Turcica. In addition to this,despite the fact that the 
patient suffered great discomfort, the body weight 
had increased thirty pounds (from 115 to 145) as the 
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outcome of adipose deposit and^the^skili had Jbecome 
markedly drj. 

The first step of the operation was performed as 
follows: After preliminary control of bleeding by 
the Hciidcnkain method, in which manner I isolated 
a spherical triangle, the base of which corresponded 
to immediately below the supraorbital ridge. This 
space measured 12 cm. at its base, beginning at the 
median line^ and ended 2 cm, in front of the external 
auditory meatus. At the median line the space 
measured 13 cm, and at the side of the skull 15 cm. 
in length. In this case I directed the base of the 
osteoplastic flap upward, so that in case it became 
necessary to remove the orbital plate of the frontal 
bone and the lesser wing of the sphenoid, the tongue 
of soft parts delivering nourishment to the flap 
would not be interfered with; also, because turning 
tlie flap down over the face would not have conserved 
asepsis- The bone was sectioned at a distance of 
22 ram- lateral from the median line, and the flap 
measured 66 mm. in all directions. The lower outer 
drill hole perforated the greater wing of the sphenoid 
bone. The incisions through the soft parts were 
made unusually large, and were carried through the 
fibers of the temporal muscle ^ as enucleation of the 
tumor was regarded as of doubtful expediency, and 
if the operation were to be restricted to simple de- 
compression exposure in this manner was necessary. 

Consequently, after fracture of the base of the flap 
and its displacement, the three upper trephine open- 
ings were enlarged an additional centimeter, so that 
the exposed area reached to 2 cm. behind the lesser 
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wing of the sphenoid bone. At this time the anterior 
branch of the middle meningeal artery was injured 
and deligated with a ligature passed round it with a 
needle. At the lower edge of the wound the dura 
was torn to the extent of a centimeter, and the brain 
forced its way through the tense dura. The pro- 
truding brain was supported with a gauze wipe while 
the lower edge of bone, i. e.y the upper edge of the 
orbit, together with a portion of the orbital plate, was 
removed with chisel and biting forceps to sufficient 
an extent to expose the base of the skull correspond- 
ing to about what is necessary for removal of the 
ganglion of Gasser. The frontal sinus and the longi- 
tudinal sinus were not invaded during enlargement 
of the inner portion of the gap in the bone. The 
total area exposed by resection measured 80 mm. in 
front, 75 mm. behind, 82 mm. below, and 72 mm. 
above. The osteoplastic flap was replaced and 
sutured without drainage. 

Three weeks later extirpation of the tumor was 
undertaken. The osteoplastic flap was strongly ele- 
vated, and at the edges in the line of the skin incisions 
soft pseudo-fluctuating masses could be quite dis- 
tinctly palpated. When the scars were opened a 
considerable (juantity of degenerated brain substance 
welled out. Displacement of the osteoplastic flap 
revealed that the prolapsing brain tissue had been 
forced through the tear in the dura, which occurred 
at the first operation, as the outcome of the increased 
intracranial pressure. The macerated brain tissue 
was wij)ed away and without regard for the tear, the 
dura was separated from the up{)er surface of the 
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orbital plate of the frontal bone with wipes until the 
posterior border of the lesser wing of the sphenoid 
was reached. This measure was readily accom- 
phshed. The longitudinal sinus became visible at 
the median side of the opening, but was not injured- 
The distended frontal lobe, still covered by dura, 
was now lifted with two spatulas The cerebral 
pressure proved to be enormous. My assistant made 
forcible traction with the spatula with both hands, 
using his entire strength, yet managed to gain only a 
finger's breadth of additional space. The brain felt 
like a strongly blown up rubber balL However, as 
the bleeding was slight it was feasible to go beyond 
the lesser wing of the sphenoid into the middle cra- 
nial fos?a and expose the beginning of the temporal 
lobe with its dural covering* This is shown in the 
illustration as a dark triangular area of dura* 

Additional traction on the dura caused it to tear 
close to the free edge of the lesser wing of the sphe- 
noid bone, accomplishing thus the intent as pre* 
viously described. It was now possible to obtain 
sufficient room between the bulging brain and the 
upper surface of the orbital plate by traction with the 
spatula, to gain access to the space farther back and 
inward toward the region of the chiasm, exposing in 
this way a reddish corrugated tumor the size of the 
distal phalynx of the thumb (Plate XV] IL Fig, a). 
In order to determine the size and extent of the 
process I passed my left index finger into the wound, 
keeping close to the neoplasm. As its consistence 
was hard and resisting^ I was able to separate it from 
the surrounding brain tissue. However^ I was un- 
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able to reach its distal portion, and was forced to 
regard enucleation in this manner as impracticable. 

I now loosened the still intact dura from the pos- 
terior aspect of lesser wing of the sphenoid and 
drew the anterior angle of the temporal lobe back- 
ward» together with its encasing dura. This per- 
mitted of a view of the left opticus which appeared 
as a grayish yellow band- 1 was able to demonstrate 
this to those present — including H. Oppenheim. At 
the same time an artery several miUi meters in diam- 
eter came into view. Judging from its location this 
probably was the cerebral carotid or one of its ter- 
minal branches. I could not approach the tumor 
by the side of these parts, but succeeded in displacing 
them downward without doing any damage, 1 was 
now able to reach the distal portion of the new growth 
and loosen a portion the size of a walnut. By patient 
manipulations with the finger the turaor was divided 
into four pieces, which were enucleated. As the last 
piece was removed a rather sharp venous and mod- 
erate arterial bleeding occurred* which > liowever, was 
controlled by tamponade. 

The tampon was removed in a few minutes and 
the extensive residual cavity inspected (Plate XVIII^ 
Fig, b). On the right side the cavity was bounded 
by the anterior portion of the temporal lobe which 
now encroached toward the median line (in the illus- 
tration this appears as the two lower convolutions). 
At the bottom of the space the Sella Turcica was 
visible, which admitted the end of the index finger, 
leaving it fair to assume that it was not enlarged. 
The depth of the wound was from the skin in front 
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to the extreme posterior surface 10 cm., reaching 
backward to the elivus Blumenbachn^ L e., to the 
anterior edge of the pons. There was no evidence 
of remaining fragments of the growth. The tumor 
was quite globular though the surface was lobulated, 
Wlien the fragments had been apposed it presented 
the appearance shown on Plate XVIII, c.w^liich depicts 
the neoplasm in natural sixe. It measured 58 by 
48 by 18 mm. The wound was closed by suture. 

The operation was an exceedingly extensive one- 
However, the patient recovered sufficiently later in the 
day to demonstrate the absence of paralysis. The 
pulse rate, unfortunately, was 120 per minute at this 
time, and respiration quite labored* The latter be- 
came so hampered that frequently the lower jaw had 
to be pushed forward an\l the tongue held. Thirteen 
hours after the operation death, apparently from 
paralysis of respiration, occurred. 

Autopsy made by Frofe^smr Oestreich showed the 
operation area to contain about a tablespoonful of 
blooil, together with a small portion of macerated 
brain tissue* When the brain was removed a second 
intradural tumor was discovered in the left middle 
cranial fossa- It was located in the center of the 
fossa and was adherent to the lower portion of the 
falx cerebri and the lateral portion of the Sella Tur- 
cica. The bone harl been invaded by the growth to 
a moderate extent. The tumor was about the size of 
a plum, liard, lobular and quite vascular. It had 
formed a depression in the left temporal lobe and 
caused an area of cerebral softening in its immediate 
contiguity. The Sella Turcica did not show any 
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turbinated bones and septum, together with the inner 
wall of the left orbital cavity back to the optic fore- 
men, the inner wall of the left antrum of HighmoTt, 
and a portion of the nasal process of the superior 
maxilla were excised. The etlimoid cells were then 
opened and removed, and last the cavity of the 
sphenoid was opened. Fifty-three millimeters back 
from the root of the nose a thin, transverse bony 
wall was opened with forceps » exposing a round pul- 
sating tumor. The opening in the bony wall was 
enlarged, making a window 15 mm. wide and 10 
mm. high and the dura incised and o|>ened. The 
latter manipulation was followed by the protrusion 
through the window in the bone of a bluish mass. 
This was in greater part removed, piecemeaU with a 
blunt pliable tin spatula, and a small portion was left 
behind in the region of the hyjiophysis. The man- 
ipulations provoked very little bleeding, Schloffer 
was able to determine the size and form of the 
Sella Turcica with the prolje. The larger cavity 
(in the Sella Turcica) was HI led with balsam of Peru 
gauze, and a smaller tam|>un of the same material 
placed against the adjacent skull base, both of which 
were led out through the nose. The wound in the 
soft parts was sutured. The smaller tamjK>n was 
removed on the sixth day, tlie larger from the Sella 
Turcica on the ninth. Histological examination 
showed the tumor to be an adenoma. The patient 
died suddenly two and a half months after the opera- 
tion.* Schloffer iloes not rc^gartl the oi>eration as 

* i/. Srhhtfrr^ Flirt h«?r UeiK>r! uf Case Oju'riiU^J ti|K>ti ft>r TVmar of the 
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more difficult than removal of the ganglion of Gdsser. 
Autopsy showed the wound firmly healed and the 
cavity filled with connective tissue. The size of the 
tumor had been underestimated. A large process of 
the growth had extended into the brain from the base 
of the skull and encroached upon the frontal lobe. 
Schloffer had estimated the portion of neoplasm left 
behind as one-fifth the size it actually was. It proved 
to be considerably larger than the portion removed. 

Judging from the drawing accompanying Schloffer's 
last report, the main tumor mass would have been 
encountered, had my frontal method been employed, 
as it would have presented when the frontal lobe was 
lifted. Per contra it would not, perhaps, have been 
feasible to so readilv invade the rei'ion of the Sella 
Turcica. 

v. Eisehher(f has employed a method quite similar 
to that of Schlojfcr. The nose v. as turned to the right 
side after the soft i)arts had been divided at its root. 
The septum was divided and the u})per turbinated 
bones removed. Next the frontal sinus was exposed 
and its anterior wall resected with the chisel, the vo- 
mer excised j)iecemeal up to its origin, the j>eriosteum 
pushed aside as far as the sphenoid and the anterior 
wall of the sphenoid cavity exposed. Now, v. EiseU- 
here] carefully gouged into the cavity, laying bare a 
glistening white membrane of the dimensions of a 
hazel nut. When this was incised in the median line 
a tablespoonful of sanguinous fluid escaped. A cyst 
occupied the sj)acc where tlie hypophysis is located. 

* l". Fntnkf-flochwarf jiikI r. Ehtlnhrrgy on the OjxTutiv** Trcjitnu'iit ot 
TuDiors i»f thf Hypophysis. VcrhaiHlluiifjt'ii dor Gescllschaft (l«Mitscher 
Nervenaortzte iind Nciiorolojr. ZcuirniNaff, 1!H)7, No. 
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Ttie im-keil wduikI pulsated clearly. As much tissue 
m ix»ukl be removeil from either side of the incision 
without damaging the chiasm and carotid was cut 
awnv with the curved scissors. Under the micro- 
m>pe the excised fragments of tissue appeared to be 
cmriniH>matous. The superficial wound healed in 
twelve da\^ The flatteneti glabella resulting from 
KHioval oi the anterior wall of the frontal sinus gave 
the patient an exi^eedingly disagreeable appearance. 
Of eoar^. ttie achievement cannot be regarded as a 
rabdieal removal of the afilietion. 

Hockeuetfy reporteil a case of successful extirpa- 
tioa of the pituitary body, at the Surgical Congress 
at Beriin, 19m. The printing of this book had, how- 
ever. pfogTe*?jjed too far to permit of my taking the 
ewe up in this ct>miection. 

If it be neeessary to approach other areas at the 
ba^se of the skull and render them subject to inspec- 
bun aosl psdpalioii, the respective portions of the 
bniin covering the parts to be invadeii must be 
Kfteti in the same manner as obtains w ith the tem- 
poral and frontal lobes. 1 he accurate observation 
of all the mrfaces of the cerebellum is of signal im- 
portanee, aod for this reason the technique will be 
taken up at this time. 



of all Surfaces of the Posterior 
CraiiMi Fossa and the Cerebellum 

For thi:* purpoese the pr^K^lure I have used smce 
lam will be found ^rvic-eable^. Above all the pia 

It ±^ PoBteriar SuHiu-* tile V^^u^ CerebeUiiim. 
m ^ KlmM^ Chtrur^m. \^ S2. Se*te 



SUEFACES OF POSTERIOR CrANIAL FoSSA 181 

mater covering the cerebellum, together with the 
ventral arachnoid, must not be injured. Despite its 
thinness it gives a certain amount of support to the 
cerebellum, while each trauma to it, especially if 
there be great cerebral pressure, is attended with 
protrusion of cerebellar tissue which interferes seri- 
ously with observation, and in some instances de- 
feats entirely the object of the operation. If the 
patient be placed in the sitting posture it is feasible 
to approach wide areas of the posterior surface of 
the petrous bone by tilting the head to the healthy 
side, provided the cranial pressure be not great. 
The exposed cerebellar hemisphere sags to the de- 
pendent side without additional assistance. In this 
way the bone surface is sufficiently exposed to make 
visible a vein which usually enters the cerebellum 
from the superior petrosal sinus, and permit of its 
ligature. (Fig. 30.) If necessary, the cerebellum 
is displaced with a pliable spatula which can be ad- 
justed to the outline of the several surfaces of the 
cerebellum (Fig. 28), or my own retractor used in 
approach to the Gasserian ganghon may be employed 
(Fig. 27). All displacements of the cerebellum are 
to be carefully and slowly executed, as in this way 
the increased intracranial pressure is gradually com- 
pensated for. Also in this manner dangerous dis- 
turbances of the respiratory and cardiac centers may 
be avoided, as I have been taught by exj>erience. 

The displacing of the cerebellum is accomplished 
in the following sequence: 

1. Toward the median line (Fig. 30). This ex- 
poses the upper portion of the posterior surface of 
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the petrous bone, and the entrance of the acusticus 
and facial nerve into the internal auditory meatus. 
Additional median displacement of the cerebellum 
exposes these nerves backward to the pons. 



Auditory a od 
Facial Nerres 

Edgt of Divided Bone AMuc^ds N^rre Vdn 



Tentorium 



Dura mater - 



Oerc&clliun 



BaAn spatula 



Dunl flap 



Bone flop 




Skin lUp 



Gl^^ac^ptiairtifettl Vacuc, 
Spinal At-ceuory 



PoHt^rior surface ot 
Octroi I « Bunc 



Intmdurml Exposure of Posterior Surface of Petrous Bone 



2, Obliquely backward and inward (Plate XVII, 
Kg, b,) exposes clearly the glossopluiryn^eal vagus 
and spinal accessory^ 

3- Dirc^ctly upward — exposes still more the three ^ 
nerves mentioned togetlier with the j>osterior cranial 
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fossa. The spinal accessory, as it rises from the 
spinal canal and the side of the medulla oblongata, 
are clearly definable in this way. 

4. Downward — exposing the upper surface of the 
cerebellar hemispheres. (See page 48.) These 
displacements do not give an obscure picture, but, on 
the contrary, the operator obtains a view of the more 
remote areas and can convince himself of the presence 
of neoplasms in the posterior cranial fossa or the 
neighborhood of the cerebellum. Especially in cases 
in which the intracranial pressure is not great, all 
surfaces of the cerebellum and the contiguous bones 
are readily inspected. If the intracranial pressure 
be markedly increased, as happens when solid tu- 
mors are present, the problem is much more difficult. 
The manipulations in these instances must be ex- 
ceedingly carefully executed, and injury to the cere- 
bellum assiduously avoided. Not until inspection 
and palpation of all surfaces are completed may in- 
cision or excision of the cerebellar tissue be under- 
taken for purposes of diagnosis. I make it an abso- 
lute rule to observe these precautions in all instances. 

Consideration is to be shown the veins which as- 
cend from the upper surface of the cerebellum to the 
tentorium cerebelli and enter the transverse sinus 
through its inferior wall. If they interfere with the 
procedure they should be doubly ligated and divided. 
Unintentional injury to these vessels may result in 
considerable bleeding coming from the sinus. How- 
ever, in those instances in which bleeding has oc- 
curred from this source as the outcome of failure to 
recognize the sinus until obscuring hemorrhage 
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imntrn, tlie bleeding hoB been controlled by tam- 
[HitiiuU' with gauxe wijjesp 

EntlrpatiOfi of Tumon at the CerebeUcHPontian Angle 
(Tumors of the Acusticusj 

A «t'(mrul<^ ('liir|iti*r in (levoted to extirpation of tu* 
niorn locHinl ul the junclioii of the cerebellum, pons 
jiiwl pu.*ifli'nor Hurfaee of the [jetrous bone. How 
they lire ap|iroac*lied has just been descriljed. They 
an* removed with ease when they onjjinate from a 
nerve trunk, for instatu^e, the aeuntieus, are isolated 
from the surrounding tissues and are encapsulated, 

l*hite XIX* Fij;. a* depicts a specimen taken from 
n nude patient, aged forty-eight, who developed pneu- 
monia live days after the ojx^ration, and died four 
d«y« later. The trephine wound was found quite 
heidiH) at the autopsy. The tumor lost its connec- 
tions with the sumHinding brain when the arachnoid 
wiis nnnovetl from its surface and the neighboring 
parts of the pons, the metlulla and cerebelhim, A 
single white* soft strand, mm. in thickness, main- 
tuimHl Ihe^ wnnedion* This had its attachment at 
thr \Hm\\ of ori^n of the aetisticus-faeiat bundle be- 
h\wn tW pons &nd oKvaTy body. There was no 
demr line of tlemarxratioQ between the tumor and the 
tight half of the poas which, tc^ther mth the eon* 
ti^UHi^ tt>eilutla (espmaDr oliTe> ami the petiunctes 
of tlie cvfrbeUuin. had httn displaced and rendered 
imi^rarticmhle of Jifcitmt iatioo, 

At t iMCi tiUDors 0f sort fall into the space made 
hv IW i^Tphicet^ ol tfe cmfaeikiD with the spat- 
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ula, and are easily removed when a few fibers of mem- 
brane are severed. 

The surgical problem is, however, more difficult 
even when the tumor is differentiated by its color and 
consistence from the surrounding brain tissue if it 
be incorporated in the brain tissue itself* Then ex- 
tirpation nmst be carefully accomplished- A case of 
this sort is shown on Plate XIX, Fig* b. The patient 
had been under the obser\^ation of Geheimrat Ziehen, 
The extirpation w^as done at one sitting, and as the 
general condition of the patient w^as menacing I sac- 
rificed the bone in order to conserve speed. 

As the right cerebellar hemisphere was displaced 
upw*ard and inward with the spatula, the dark grayish 
red tumor ap[>eared in the space between this hemis- 
phere and the posterior surface of the petrous bone, 
being situated 5J centimeters from the surface of the 
skull. The tumor was covered with a layer of con- 
nective tissue w^hich I tore apart with a dull tenacu- 
lum, and attempted to deliver it with a sharp hook 
inserted into it. This maneuver did not succeed, as 
the hook tore out. I now introduced behind the 
tumor a large metal spoon, such as is used for the 
removal of gall stones, and lifted it out. The neo- 
plasm was about the size of the distal phalanx of the 
thumb* It measured 18 mm. in breadth and s25 mm. 
in length and proved to be an encapsulated fibro- 
sarcoma. The patient w^as diseliarged from the hos- 
pital cured* The clinical history w ill be found under 
Observation VII, 4, Fig. 31 show^s the tumor drawn 
into its original location by the artist. The picture 
is arranged to show the base of the skull from above 
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and the coiituur of the cerebellum, the pons and 
medulla oblongata are outlined on the bone corre- 
sponding to their normal relationship. The tumor 
was deeply located between these parts. 




Fig, 31 



Differentiation in color and consi.stence in this 
class of cases is not always as clt^arly marked a.s ob- 
tained in the case ijuotcd. At tiiiies the color of the 
neoplasm is not different from that of the cerebral 
tissue, and what slight ditiVrencc there might lie, in 
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this respect, is obliterated by the arachnoid which 
covers the tumor and the cerebellum. Identification 
of the growth is rendered still more difficult because 
the blood vessels cross the tumor without change in 
apj)earance from that presented over the normal 
brain tissue. As the outcome of intimate associa- 
tion the tumor may be displaced, together with the 
cerebellum, and thus escape recognition. In^ these 
instances the capsule overlying the region of the 
cerebello-pontian angle must be carefully torn apart 
with wi{)es— which suffice for the purpose, as the 
membranes are exceedingly thin in this situation — 
in order to find the line of cleavage between the nor- 
mal cerebellum and the neoplasm. 

The consistence of these tumors varies considera- 
bly and may be the cause of difficidties in extirpation. 
When they are very hard thev can readily be enu- 
cleated by blunt dissection. It is best to employ for 
the purpose small wij:)es affixed to slender holders 
whicli may be used alternately with the pliable 
spatula or spoon. The most relial>le instmment — 
tlie tactile finger — is not available in this situation, 
as it occupies too much room anc' may produce dan- 
gerous pressure disturbances upon the medulla ob- 
longata. All manipulations should be slowly exe- 
cuted so as to permit of accommodation to the 
abnormal pressure on part of the brain tissue. The 
posterior surface of the petrous bone may be sub- 
jected to harsher measures, j)rovided, however, these 
do not extend to the facial and auditor}' nerves. I 
have succeeded in reinoving the tumor, which had 
made pressure on both of these nerve trunks, from 
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the patient last reported (page 135), without injuring 
them. Before the operation the otoscopic findings 
indicated complete loss of hearing; however, at the 
end of eight months, following extirpation of the tu- 
mor, the patient was able to hear whispered words 
with the previously aflBicted auditory apparatus. 

After the tumor has been loosened from the cere- 
bellum and the posterior surface of the petrous bone, 
the last retaining connection at the pons is separated 
with the spoon or pliable spatula. 

As an example of the method of extirpation em- 
ployed in this class of cases the following history is 
submitted. The patient, a male adult, aged forty- 
four (Observation \TI, 6), was sent to me by Pro- 
fcs.s'or Seijfer with the diagnosis of a tumor at the 
angle of junction of the cerebellum and pons. On 
November 25th, 1907, the first stage of the oj)eration 
was performed, and on December 4th extirpation 
accomplished. At the second o{>eration only light 
cliloroform narcosis was necessary, and only 5 g. of 
this agent sufficed for opening the wound and in- 
cising the dural flap. The rest of the operation was 
completed without narcosis, owing to the unfavorable 
^^(^iieral condition of the patient. This, however, did 
not give rise to any pain. The incisions through the 
dura were made immediately contiguous to the three 
sinuses. The first incision into the dura was at- 
tended by a forcible discharge of cerebro-spinal fluid 
w hich sul)si(le(l into a less vehement flow as the other 
incisions were made. Division of the falx cerebelli 
was not necessary, and although the tumor was a 
lar<re one, w(M<rliinir .">() <r., the field of exposiiiv was 
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ample for the purpose. When the eerebeUum was 
displaced toward the median line the tumor came 
into view, being recognized by a slight elevation from 
the surrounding tissues (Pig. 32, see below). Its 




color was the satne as that of the cerebellum* and its 
surface presented blood vessels which were symmet- 
rically continuous with those of the surrounding brain, 
The arachnoid covered the tumor in the same wav 
as obtained upon tlze normal tissues. The thin cap- 
sule of the neoplasm was now opened with small 
wipes held in slender forceps; at the site of junction 
of the cereljelhmi with the mass and at the same time 
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sudtleiily, at the end of five hours after the operation, 
respiration ceased, and this was followed by cardiac 
paralysis. Tlie autopsy did not disclose any hemor- 
rhage. The gauze tampon filled lightly the cavity 
and was moderately soaked with bloody serum. The 
opening in the bone reached quite to the foramen 




maf^num, being separated from it by a narrow rim of 
bone. To the left the breach extended considerably 
beyond the median line. 

Only when — as in this case — the tumor is removed 
en masse can the operator be certain that the entire 
growth has been extirpated. Still the parts contigu- 
ous to the residual tuivity should be carefully scriiti- 
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nized for portions which may have been left behind, 
especially if the consistence of the neoplasm does 
not differ palpably from that of the brain. The con- 
ditions are markedly less favorable when, for any 
reason, the tumor needs be removed piecemeaL In 
these instances complete extirpation is always an 
uncertainty. This may be iihistrated by relating 
the history of a patient (a woman of fifty-five) sent to 
me by H. Oppeiiheivi, with a diagnosis of tumor of 
the right acusticus. The neoplasm was quickly ex- 
posed, being located beside the cerebellum ; however, 
despite all precautions it tore repeatedly as the out- 
come of its friable (not soft) character, though at no 
time was traction made nor the tenaculum inserted- 
The mass was removed in five pieces which com- 
prised a total size equal to that of a plum. The im- 
mediate subsequent behavior of the case was exc*el- 
lent* the wound healed by primary intention and the 
[latienl was regarded as out of danger. On the 
eighteenth day following the operation the pulse 
suciflenly increased and respiration became labored. 
A light pneumonic infiltration did not seem to ac- 
count for the disturbance, and three days later the 
patient Hurc^umbe<L Autopsy sliowed the brain mem- 
branes to hi* iio! inaK but only half the tumor had been 
extirpated. The remaining portion reached 1 cm, 
I)eyond the imtenor edge of the pons. This, of 
course, nuulc liiinur iiioperal>lc. 

Sarcoma of the Arachnoid in the Posterior 
Cranial Fossa 

In the Tiin^ iiishMices in which sarcomata, which 
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have their origin in the araehnoidj are situated be- 
tween the cerebellum and the posterior surface of the 
petrous bone, extirpation is accomplished in the same 
manner as obtains with tumors of tlie acusticus. An 
example of this sort is submitted in Observation VII, 
5, which relates the history of the most extensive 
new growth I have as yet encountered in this 
situation. 

Extirpation of the tumor was accomplished in two 
stages, the first being performed on May 2d, and the 
second May 14, 1906, in the case of a boy of sixteen. 
Median displacement of the cerebellar hemisphere 
with the spatula exposed at the depth of 3 cm, a 
bluish, opalescent, smooth ^ slightly fJuctuating tumor, 
which presented a diaphragmatic constriction (Plate 
XX). The tumor was about the size of tlie cere- 
bellar hemisphere, and because of its smooth surface 
I was able to encompsiss it with my little finger; it 
was, however, slightly adlierent to the posterior sur- 
face of the petrous bone, and evidently extended 
downward into the occipital foramen. I now passed 
a large blunt spoon along the median aspect of the 
growtli and attempted to lift it from its bed in Into. 
The thin capsule tore; however, the greater part of 
the mass was delivered (48x40x!28 mm.). The rest 
was removed in a similar manner. The neoplasm 
measui^d as a whole 8 cm. in length, 5 cm. in 
breadth, and 3 cm, in thickness (Plate XX, Fig, b). 
A slight arterial hemorrhage occurred whicli was 
readily controlled by tamponade of the residual 
cavity. The latter was 7 cm. in depth* 

Up to the time of introrluction of the blunt spoon 
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pulse and respiration were undisturbed. The mo 

(ment the tumor was enucleated respiration suddenly 
' ceased, which was resumed, however, after several 
minutes of artificial efforts directed to this end. The 
osteoplastic flap was held in place with sutures. Four 
hours later death occurred suddenly. The pulse had 
until this time been rapid but of good volume. 

Section of the brain after fonnalin hardening 
showed that the tumor had grown into the contiguous 
brain tissue » causing deep indentures and displace- 
ment of fibers in the pons and medulla, together with 
atrophy of the fibers of both these organs. It was 
not possible to determine whether the neoplasm had 
caused any changes in the contiguous cerel>ellar 
hemisphere J as this was the seat of hemorrhagic infil- 
tration, the outcome of the arterial bleeding which 
occurred during the operation, and the normal ap- 
pearance of the organ was effectually obhterated. 
Microscopical examination did not give additional 
information in this regard as the glia of the cere- 
bellar hemispliere appeared as irregular fibers Ijing 
in a mass of coagulated blood. 
i The liemorrhage was probably not alone the result 
' of the bleeding at the time of the ojieration, but was 
I the outcome of analogous conditions that occur in 
/' the arteries of the mesentery after removal of large 
neoplasms from tlie abdominal cavity* In our case 
the capillaries of the pia mater, arachnoid, the pons 
and cerebellar substance were suddenly relieved 
from the pressure caused by the growth, and the con- 
sequent influx of blood caused the hemorrhages. In 
this way I accounted for the hetnorrhage which 
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extended into the olivary body, the cerebellum and 
the left cerebral peduncle. 

The microscope showed the tumor to be an cede- 
matous spindle-celled sarcoma in wliich a few islands 
of fiber detritus and glia cells were present. To the 
naked eye the surface of the tumor presented more 
nearly the conditions seen in tumors of the spinal 
arachnoid than obtains with neoplasms situated at 
the cerebello-pontian angle, chiefly, however, because 
it lost its bluish color and was much reduced in size 
after reniovah 

The autopsy also revealed an unusually marked 
hydrocephalus of the entire four ventricles of the 
brain. 

Tumors of the Cerebellum 

Extirpation of tumors of the cerebellum may be 
accomplished together with sacrifice of coosiflerable 
cerebellar tissue. The technirjuc is readily per- 
formed even though only one half the cerebellum is 
exposed. If carefully executed one_ third and even 
one half a Cerebellar hemisphere may be removed 
without — ^in my experience — grave consecjuences* I 
liave not met with important bleeding. If further in- 
vasion becomes necessary, section of the falx ce rebel li 
and opening of the adjacent posterior cranial cavity 
becomes necessary, Tlie more room the oj>erator 
obtains toward the healthy side, the more readily is 
the one involved apj)roachable. 

At an autopsy made five months after the opera- 
tion the entire cerebellar hemisphere was absent. 
The patient had been constantly under observation 
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in the hospital from the operation until death oc- 
curred, and at no time did symptoms present which 
could in any way be traced to this fact. The case 
was one of a girl (nineteen years of age) who had 
received an injury of the head when fifteen years of 
age. This was followed by cephalalgia, chiefly at 
the back of the head, vertigo, vomiting, tachycardia, 
dysphagia, left-sided tinitus aurium, and general 
convulsions. The vision became reduced, double- 
choked disk appeared, and locomotion became un- 
certain with a tendency to stagger toward the left. 
After prolonged observation Geheivirat Ziehen diag- 
nosticated a tumor of the left cerebellar hemisphere 
and sent the case to the Augusta Hospital. (For 
further details see Observation VIII . 3.) 

On June 27th, 1904, I exposed the left posterior 
cranial fossa, sacrificing the bone. The dura was 
tense and did not pulsate. As the dural flap was 
turned aside a moderate quantity of clear fluid es- 
caped. The exposed cerebellum pulsated, and be- 
yond a small thickened area of the encasing pia did 
not present any abnormality. The thickened roughly 
granular portion of the pia, together with the subja- 
cent cortex, wajs removed for microscopical examina- 
tion. Careful inspection and palpation of the con- 
tiguous surface gave negative results. Exploratory 
incision into the cerebellar tissue was also negative of 
result. The wound was closed by suture. 

The immediate outcome was favorable, the symp- 
toms disappeared, the violent headache disappeared 
from the day of the operation, in fact the entire gen- 
eral condition of the patient improved. The patient 
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left the bed on the 28th of July. The wound was 
healed except for a surface the size of a silver dollar » 
corresponding to the lateral incision, at the site of 
which a white mass of brain tissue protruded* This 
was cut off with the scissors* It became necessary to 
repeatedly remove in this manner protrusions of brain 
tissue which varied in size from that of a hazel nut 
to that of a walnut. In each instance the removal 
was accompanied by discharge of large quantities of 
clear fluid. From the end of August the patient went 
about during the day, and by September 10th had 
gained 12 kilos in weight. At this time the general 
condition was not so favorable — the outcome of 
retained fliiiil. Removal of a prolapse the size of 
a silver quarter of a dollar liberated a large quan- 
tity of fluid, and the unfavorable symptoms dis- 
appeared, A drain was now introduced. After the 
beginning of October the patient lost ground and the 
release of fluid no longer afforded relief. Death 
from heart failure occurred Noveml>er 12th, by which 
time the patient had become reduced to almost a 
skeleton. 

Autopsy showed marked hydrocephalus internus, 
especially of the fourth ventricle, and an almost entire 
absence of the left cereliellar hemisphere (Fig. 34), 
The improvement luid been due to relief of tlie com- 
pression, the outcome of the trephining. The loss 
of substance of the left cerebellar hemisphere did, of 
course, not occur at one time, but was the outcome of 
the frequent removal of the prolapsed tis.sues* No 
symptoms referable to the loes of cerebellar tissue 
were present at any time. 
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Kn>m vir\v-|H)iut of this case it seems fair to 
asiHUiue tluit extirpation of neoplasms of the cere- 
lu'lhnn may he aecH)mpIishe<l at the ex|HMise of loss of 
iH>nsiderahle ivn^hellar tissue if it he nec*essar\' to 
witlely exei»o them. So one would, in a ease of con- 
glonuMate luln^n^le (IMate XIX, Fij;. e"), not be con- 
tent with simple iXMUoval of the involvetl area, but 




mxH^Ki x^kWv owi^je the surtv^undinir heahliT ti^%$ue. 
i*r>y^^hf^V4. x^Vk^ a> ^S^ici^Ni miA a tekrmikws focus 
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lunaris inferior) and diffusely infiltrated the eere- 
bellar substance. The center of tlie tubercle was 
devoid of blood vessels. The fissures of the cortex 
did not extend to the surface of the mass. Hori- 
zontal section showed a central area of softening out- 
lined witli a yellowish fatty zone, which extended 
from the cortex in a circle into the cerebellar tissue 
over an area the ^ize of a silver half dollar- The edge 
of the tumor was entirely surrounded by displaced 
gray and white fibers. 

1 am firmly convinced of the necessity for thorough 
removal of diseased brain areas, to^jether with the 
contiguous healthy tissue. I am, however, opposed 
to the sacrifice of normal cerebellar substance with 
the view of making more readily accessible the pos- 
terior surface of the petrous bone in order to remove 
timiors of the acusticus. I regard the displacement 
of the cerebellum in various directions as described 
on page 1*11 as meeting thoroughly the indications. 

Per contra I regard 

m 

Exploratory Section of the Cerebellum 

for diagnostic purposes as not alon^ justifiable but 
as poi^itively indicated under certain circumstances. 
Subsequent to liberal exposure of the posterior cranial 
fossa and deliverj^ of the su.spected cerebellar hemis- 
phere^ the exjjloratory section is easily made, and I 
have never experienced unfavoraI>le marufestations 
as the outcome of the measure. The most complete 
exposure is obtained when the section is horizontally 
made, beginning at the lateral aspect of the hemis- 
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phere, and is carried to the median line to a depth of 
four centimeters. The cut surfaces are held apart 
with flat right-angled retractors. In one case, a boy 
of eleven (Observation VIII, 1), in which I sectioned 
both hemispheres in the manner stated, autopsy 
three years later did not reveal even a scar at the site 
of the original incisions. 

Exploratory incision is important on the ground 
that deeply located tumors are not recognized as 
the outcome of either inspection, palpation or punc- 
ture. In this connection the reader is referred to 
the case of Terrier (page 48). Terrier attempted 
to reach the cerebellum by splitting the occipital lobe 
and division of the tentorium, and thus enucleate 
the tumor, but did not succeed. The patient died 
four months later, at which time the wound had en- 
tirely healed. Autopsy revealed a conglomerate tu- 
bercle the size of a mandarin located in the left cere- 
bellar hemisphere. Exploratory incision would have 
disclosed the tumor and permitted of its removal. 

In the case of a male nineteen years of age, 
after all other manipulations had failed to reveal a 
lesion in the exposed right cerebellar hemisphere, I 
made an incision into the part (4 cm. in depth), 
opening a cavity the size of a large cherry, situated in 
the white substance. The walls of the cavity were 
smooth, grayish red in color aud moist, but no fluid 
was present. As the hemisphere had been liberally 
delivered from its bony fossa the cavity, together with 
the contiguous cerebellar tissue, was excised. The 
patient died two days later of heart faihire. Au- 
topsy revealed a similar cavity in the left unexposed 
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cerebellar hemisphere, also an enormous dilatation 
of all the ventricles of the brain. The left posterior 
horn was the size of a plum and the fourth ventricle 
dilated to the size of the distal phalanx of the index 
finger. 



Care of the Wounds of the Brain 



Primary Suture 

Every surgical attack upon the brain should be fol- 
lowed by complete arrest of all hemorrhage. Spurt- 
ing arteries and the larger veins should be deligated. 
To arrest oozing I make temporary gentle pressure 
with gauze wipes. After this is accomplished the 
ideal conditions are to replace the dural flap, which I 
do not as a rule hold in place by suture, and to fix the 
osteoplastic flap by sewing without drainage in cases 
where an antiseptic outcome is to be ex{>ected. A 
small opening may be left in the superficial wound to 
permit of discharge of the slight amount of blood 
collection, which occurs for the first few hours imme- 
diately following the operation. Even after the re- 
moval of large tumors of the brain the technique 
spoken of may be employed, for it is astonishing how 
soon extensive cavities will obliterate as the outcome of 
the invasion of contiguous portions of the brain into 
the residual space. This is illustrated in the instances 
shown on Plate VI, Fig. c, and Fig. 26 (page 100). 

Tamponade for Bleeding 

Unfortunately, the method just indicated is not 
always feasible. At times the operation must be 
rapidly completed because of threatening general 
manifestations, and again it is not always possible to 
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locate and ligate all the bleeding points, and at times, 
though more rarely, the venous bleeding is so great 
and diffused that it cannot be at once arrested. In 
all these instances it is necessary to introduce strips 
of plain or vioform gauze into the wound. However, 
this contingency represents rather an indulgence of 
emergency than the measure which should be the 
rule. The tampon is to be regarded as applicable 
to venous bleeding rather than effectual in arterial 
hemorrhage. Beyond this the tampon is likely to 
produce softening and, indeed, may, if applied in the 
region of the medulla oblongata, cause disturbance 
which menace the life of the patient. I always make 
tamponade with several wide strips of gauze which 
have woven edges, introducing them carefully into 
the cavity and close the wound with sutures, except 
for the space recjuisite to permit of egress of the gauze, 
and in addition introduce a narrow gauze drain into 
the area of operation close to the lamina vitra. The 
tampon causes some reaction, and if the portion of 
gauze lying on the skin becomes dry, and the exit of 
secretions and cerebro-spinal fluid is prevented, pres- 
sure occurs, which is obviated by the presence of the 
smaller drain. The gauze strips and drain are re- 
moved — depending upon the extent of bleeding — on 
the fourth to sixth day. 

Tamponade In Cerebral Abscess and Tubercle 

The treatment of the brain abscess wound is differ- 
ent. The entire cavity must be kept open to permit 
of healing from the bottom and to prevent retention 
of secretion. For the purpose I use iodoform gauze 
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with the view of obtaining antisepsis. Of course, the 
osteoplastic flap is simply laid oyer the cavity and |)er- 
haps held in place by a few sutures. The dressing is 
soon saturated with cerebro-spinal fluid and the outer 
portions must be changed daily. The iodoform 
gauze tampon is not disturbed until the third to the 
fifth day. 

I regard it advisable to tampon the residual ca\ity 
after removal of conglomerate tubercle for several 
days with iodoform gauze. Even though the merg- 
ing of the foci have not taken place the excision of 
contiguous healthy tissue may not have effectually 
removed all the disease, and recurrence may appear. 
The technique is essentially similar to that I employ 
in tuberculosis elsewhere in the body. At the end of 
five days the wound may be closed by suture if no 
indication to the contrary appear. In the event of 
the latter contingency tamponade must be maintained 
until all evidence of infection has disappeared. In 
this connection the reader is referred to the case re- 
ported on Page 181. 



Preparation— Dressing, Time of Repair 

Posture of the Patient 

During all operations upon the brain care must be 
exercised to avoid undue pressure upon the thorax 
and abdomen which might interfere with respiration. 
The top of the table should be arranged to allow of 
change of position on its transverse axis, so as to 
make it feasible to raise the head of the patient if 
venous bleeding be excessive {v. Bergmann)y or to 
lower the same in the event of syncope. 

The operating room should be warm (24-28° C). 
Beyond this I lay the patient upon warm pads at the 
temperature of the body, and wrap the entire body 
in woolen blankets. 

For operations on the cerebrum the patient 

is postured with the shoulders and thorax raised to a 
little less then an angle of 45 degrees. If the poste- 
rior portion of the head rests on the pad, i. e., when 
the anterior portion of the skull is being invaded — 
the portion of the table upon which the pelvis rests is 
lowered a little while the upper body is caused to rise 
obliquely. This position is very secure. In operat- 
ing on the side or posterior aspect of the head it is 
best to posture the patient on his side and allow the 
head to extend beyond the edge of the table. In all 
instances an assistant holds the head firmly with the 
fingers apposed to the jaw and cheeks. 

When opening the posterior cranial fossa 
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the patient may be placed on the sound side in such 
a manner as to bring the shoulder on a level with the 
edge of the t^ible^ a posture which makes readily ap- 
proachable the area of of>e ration. The liead is lield 
by an assistant ^ or^ better still, may rest on the head 
supporter (see this chapter), as is employed by the 
writer during operations upon the spinal cord- In 
the case of fat persons or tliose who have short necks, 
this posture does not give sufficient room, and I 
employ it, as a rule, only for the first step of the tre- 
phining, although 1 have removed tunibrH of the 
acusticus on two occasions with the patient in this 
position. 

As a rule the operator finds it convenient to be 
seated when invading the cerebellum, Tlie head of 
the table is lowered slightly, head and shoulders are 
j>ennitted to extend somewhat beyond the back sup- 
port, so as to permit of ready approach l>eneath the 
posterior occipital protuberance. The assistant hold- 
ing the head turns it sidewise or bends it forward, as 
the necessities demand. An assistant is detailed to 
watch the pulse and resinration. The region of the 
medulla oblongata, with the center of respiration 
and that of the heart, are likely to be disturbed^ 
indeed, twice 1 was impelled to interrupt the 0|>e ra- 
tion for from ten to fifteen minutes to permit of re- 
establishment of function in this connection. The 
patient reacted ver\* nicely: however, had the pulse 
and respiration not been closely obser\'ed a fatal issue 
on the table would no lioubt liave been the out- 
come. 
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Narcosis 

I use chloroform for the purpose of narcosis, omit- 
ting previous administration of morphin. I observ^ed 
the use of morphin-chloroform narcosis for seven 
years in Volkmantf^'i clinic and have not been con- 
vinced of its advantages over simple chloroform 
narcosis J which latter I have employed since 1889. 
I do, however, use morphin in moderate doses in 
adults, to control the pain in the wound after the 
operation. Despite the great safety of etlier, its use 
is not to be adviseti in brain cases^ as its administra- 
tion enhances venous bleeding. In rare instances I 
have used ether in cases of nun-<'ompensated lieart 
lesions when operating for removal of the ganglion 
of Gusser. Chloroform lowers blood pressure, and 
if the exposed brain presents a marked hyperemia 
the dosage of chloroform may be increased, provided 
there be no indication to the contmry. As a general 
rule the administration of chloroform in operations 
on the central nervous system should be carefully 
executed, for in cases of cerebral tumors sudden 
death may occur without the additional dangers of 
narcosis. Death in these instances is due to paralysis 
of respiration, and the heart nuiy go on functionating 
for a considerable period of time. 

Because of the ready control of dosage I prefer the 
Roth-Draeger oxygen-chloroform apparatus. This 
apparatus possesses the additional advantage of [per- 
mitting of the inhiilation of pure oxygen which proba- 
bly is desirable in the event of respiratory or circula- 
tor)' disturbances, llimley states that the inhala- 
tion of oxygen lessens both venous and capillarj^ 
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bleeding. When the color of the flowing blood 
changes from dark purple to light scarlet the hemor- 
rhage usually ceases. 

The brain itself is not sensitive. The actual attack 
upon the brain substance, which is, of course, the dis- 
turbing factor with regard to respiratory and cardiac 
failure, may be executed with very light narcosis. 
The scalp, periosteum and dura mater are exceed- 
ingly sensitive, the bone when denuded of periosteum 
is quite devoid of sensibility. 

In discussing this portion of the problem the ques- 
tion arises as to the applicability of local anesthesia, 
and thus eliminates the dangers of narcosis. My 
experience leads me to the conclusion that only v^ery 
minor manipulations of the brain, as for instance, 
brain * puncture may be accomplished under local 
anesthesia. Pain is not the only factor entering into 
the proposition* The preparation for operation- the 
posture and complicated necessary manipulations, 
together with the mental disturbance and the extreme 
sutfering the patient has already been subjected to, 
lead the observer to the conclusion that a carefully 
controlled general narcosis is by far more desirable- 
Still more important is the consideration that mental 
disturbance may cause a fatal outcome as shown in 
instances when cases previous to the introduction of 
narcosis died on the table before the operation had 
been comment*ed. 

Rapidity of technique, as far as is consistent with 
safety, avoidance of unnecessary loss of blood, [ireven- 
tion of exposure to cold and strict asepsis, are the most 
important detennining factors in this class of cases. 
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As far as 

Asepsis 

is concerned, I have the entire head shaved twenty- 
four hours before the operation and encase the cra- 
nium in a gauze dressing liberally soaked with a one- 
half per cent, formalin solution, and maintain the 
moisture by the application of a rubber tissue pro- 
tective. Immediately before the operation the scalp 
is cleansed with warm water and soap, lavaged with 
a solution of corrosive sublimate 1 in 1000, then 
ether is poured over the surface, and last a normal 
saline solution is employed to dislodge the agents 
mentioned. For the purpose of cleansing the hands 
I have used since 1889 a free scrubbing with hot 
water and soap, followed by lavage with corrosive 
sublimate solution 1 in 1000. I have abandoned the 
use of alcohol in this connection as my own hands, 
and those of several assistants, did not bear well its 
use. I regard the care of the hands an important 
consideration, as smooth, soft skin is more readily 
cleansed than if it be hard and cracked. The use of 
glycerin and partially dried soap will be found a 
useful application to this end. 

The sterile towels used in isolating the operative 
field are held in place with a few stitches to avoid 
their being displaced during the operation. Anti- 
septics are not permitted to come in contact with the 
wound. The sublimate solution is removed from tlie 
hands by drying them with gauze. In aseptic cases, 
iodoform is not em[)love(l either in powder, etherial 
solution or glycerin mixture. Iodoform gauze is 
also not placed in (^ontact with the wound. If it be 



160 The Surgery of the Brain 



necessary to employ tamponade for the purpose of 
arresting bleeding, the cavity is filled with either 
sterile or \ioform gauze- For ligatures and scalp 
transfixion (except the longitudinal sinus, page 37) 
I use thin linen thread. For sutunng I employ silk, 
The results obtained from drj^ dressings are suffi- 
ciently satisfactory to warrant continuance of their 
employment* Of sixty-four cases of extirpation of 
the ganglion of Gmser, together w ith numerous asep- 
tic brain operations (excluding abscess and neglected 
compound fractures) we did not lose one case from 
meningitis, and, indeed, neither as an immediate 
outcome or after protracted lapse of time, as shown 
by the uncomplicated repair of the wound and the 
post mortem findings in those cases resulting in 
death. We o[>erate with bare hands, which I use 
extensively for the purpose of palpation and enuclea- 
tion of tumors, and do not employ — in aseptic eases 
— either gloves or the face mask. Of course, we 
guard carefully against manual contact with infec- 
tious materiah 

The Dressing 

The portion of the dressing in immediate contact 
with the wound should consist of sterile gauze to 
avoid irritation of the skin which may arise if anti- 
septics be employed for the pur()Ose. However, as 
brain operations in which tamponade is made are 
followed by discharge of large quantities of cerebro- 
spinal fluid wliich soaks very soon tlie dressing, the 
outer layers of giiuze should be impregnated with 
sterile iodoform with the view of furnish iuir a certain 
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amount of antiseptic, A soaked dressing should not 
be permitted to remain in situ longer than a day, 
for this condition affords a favorable medium for 
the growth of bacteria. Wliefn the dressing is changed 
the surface contiguous to the wound is cleansed with 
gauze wipes soaked with ether. 

The removal of sutures and tampons has already 
been sufficiently discussed. 

Patients are not permitted to leave the bed for at 
least three weeks following the operation in cases of 
trephining for Jacksonian epilepsy* In instances 
where the brain has been extensively invaded con- 
finement to bed for several months may be necessary. 



Wound Complications 



It is not within the scope of tliis work to discuss 
all the occurrences which may become manifest dur- 
ing repair of the trauma consequent to brain opera- 
tions. The reader is referred for additional informa- 
tion in this regard to the added clinical histories. At 
this time only such complications will be taken up 
as call for surgical interference. 

In clean cases^ brain operations may be executed 
witli the reservation that septic infection is avoidable. 
We aim to prevent the occurrence of moderate local 
sepsis, removing the sutures on the third to the fifth 
day, tluis obviating occurrence of small necrotic areas 
of the soft part^. Es|>ecially is this desirable when a 
second step operation is to be undertakem 

Bone Necrosis 

If separation of the jHTiosteum is avoided necrosis 
of tlie bone rarely otTurs in aseptic cases. Bone ne- 
vnms is very likely to occur if the periosteum is 
widely sci>ar;itc«l at the edges of tlie flap, and espec- 
ially i.s it ha hie to occur in purulent processes* In 
the latter cases the cavity is tani}Hine<l. and this causes 
intcrfciviiw with nutrition in the bone* Owing to 
the consistent and tliickness of the cranial vault 
denuimition and separation of necrotic Wne areas is 
a [prolonged pmcess. and this together with carious 
degt^ueralitiu of the edges of the hone sections may 
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be maintained for months before ultimate healing 
takes place. No general rule as to whether removal 
of the diseased bone is indicated may be given the 
reader for guidance. 

Early in my experience I had two cases in which 
extensive necrosis of bone oceurrecL Both cases 
were operated upon for removal of the ganglion of 
GasHer by my ow^n osteoplastic flap method at tlie 
temporal region. The one case was one of one- 
sided resection of the ganglion, the osteoplastic tem- 
poral flap being fashioned with the circular saw, 
(August 23d, 1895,) The patient had been sub- 
jected to peripheral trifacial resection at which time 
a certain degree of hemophilia was discovered. Ow- 
ing to the severe and persistent bleeding at the time 
of the intracranial neurectomy the operation lasted 
three hours. The prolonged hemostatic manipula- 
tions subjected the flap to considerable trauma and 
the periosteum was largely separated from the bone. 
Replacement of the flap was nevertheless made. The 
other case (the second attempt of the kind made by 
myself in 1892), that of a man, aged sixty-two, the 
intracranial resection of the second branch of the 
nerve required chiseling of the bone. The operation 
was |>erformed on both sides at the same time, and 
owing to the enfeebled general condition of the pa- 
tient the second wound was tamponed for five days 
before resection of the ganglion was undertaken. 
The consequent prolonged interference with nutri- 
tion resulted in necrosis, I have, however, quite 
abandoned tamponade, and close the wound with 
sutures in the manner already stated (Page 28). 
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In these two cases the bone necrosis was not ac- 
conipanietl by fever. The process expressed itself in 
an fjedeniatous sweUing of the skin flap and adjacent 
tissues together with puflSness of the lower eyelid. 
On the tenth day the wound was opened and the 
bone flap removed* The excised bone showed a thin 
layer of flbrinous pus on its inner surface. The scalp 
flap w^as replaced and sutured, and drainage intro- 
duced into the two lower angles of the wound, A 
small amount of purulent discharge accompanied the 
healing, which latter was achieved without rise of 
temperature* 

Exfoliation of small portions from the edges of the 
bone flap occurred in two other cases under my ob- 
servation. In neither case was interference called 
for. The necrotic bone was eUminated in the form 
of fluid discharge. The process was exceedingly pro- 
tracted, the fistulse remaining patent for eight and 
ten months respectively. To prevent occurrences of 
this sort the edges of- the bone flap w hich have been 
denuded of periosteum should be removed with the 
biting forceps. Accidental separation of periosteum 
is prevented by the application of my claw forceps, 
depicted on page 19. 

Secondary Hemorrhage 

Secondary bleecling into the defect in the brain 
remaining after operation gives rise to dangerous 
nianirestations which not infre(|uently threaten life. 
This may be illustrated by tlie case of a niercliant, 
aged twenty-three, (Observation MI, 1) who pre- 
sented all the symptoms of tumor of the cerebellum. 
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After opening the posterior cranial fossa a cyst was 
incised (Page 65) and the cavity tamponed with 
vioform gauze. At the end of five days the tampon 
and the drain were removed at which time no fluid 
secretion was discharged. During the few days fol- 
lowing the operation the marked symptoms of cere- 
bral compression had disappeared and the less mani- 
fest symptoms had much improved; however, four 
days later the evidence of cerebral compression again 
appeared. When the dressing w^as removed a large 
quantity of clear fluid poured from the lower right 
angle of the wound. The osteoplastic flap manifested 
definite pulsation. Despite this fact the compression 
symptoms did not diminish, the temperature rose in 
the evening to 39.5 and 40. There was no rigidity 
of the neck, but dysphagia and subconsciousness rap- 
idly developed. For these reasons I felt justified in 
opening two days later (eleven days after incising 
the cyst) the entire wound. Clear fluid dripped con- 
stantly from the lower left corner of the wound, and 
the osteoplastic flap, which had quite advanced to- 
ward repair, pulsated visibly. While the skin was 
being shaved and cleansed with ether a rather forci- 
ble stream of clear fluid bubbled out of a grayish 
granulating area located at the center of the wound 
(about 20 cm^ in quantity). However, I regarded it 
as proper to expose the entire operation field in view 
of the patient's menacing general condition. The 
osteoplastic flap was rapidly turned down with the 
closed scissors. 

The exposed cerebellum appeared normal, its sur- 
face was smooth and shining and of the same color 
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as at the previous operatian. There was no swelliEig, 
scrftening^ oecrosis or pus present- The only ab- 
aormality presented on the surface of the left cere- 
bellar lobe in the form of a sUghtly protruding area 
the si^e of the distal phalanx of the thumb, which was 
dark blue in color and corresponded to the site of the 
cyst opened at the previous sitting. The incision 
into the cerebellum had quite healed, but was now 
bluntly separated, exposing a carity the size of a plum 
which was tensely filled with coagulated blood. This 
was gently expressed and the canty tamponed with 
vioform gauze. The osteoplastic flap was sutured 
into its original position. The follomng day the 
moie marked symptoms of compression disappeared. 
The tampon was removed on the fourth day, and two 
days later the sutures were removed. 

The disturbance was evidently due to the fact that 
after the tampon had been removed (five days after 
the operation ' the cerebellar wound became glued 
together, and bleeding occurred from the not yet 
obliterated ves^ls in the cyst wall which distended 
the cavity. The coa^lum, acting like a tumor and 
together with the retained fluid, provoked the symp- 
toms of compression. After the second operation 
recoveiT ment on to completion T%nthout interruption 
which was still maintained at the end of a year and a 
half- 

In two cases of cortical excision for Jackwrnian 
epilepsy it was neeessaiy to reopen the operation 
wound because of blood and fluid collections which 
produced menacing compression symptoms. The 
first case was that of a man, aged thirty years, (Ob- 
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servation Ij 9) who was subjected to cortical excision 
on October 13th, 1902, after locating the primary 
spasm area with the Faradic battery in the forearm, 
hand and face centers. The operation did not make 
any serious impression on the patient's general con- 
dition. The pulse was regular^ quite full and strong 
(80). The immediate course was favorable, the 
drain and gauze strip being removed on the fourth 
day and the sutures three days later. The tempera- 
ture reached 37*8 at the end of thirty hours^ and flue* 
tuated in the neighborhood of 37 until the eighth 
day, when it rose to 38*7 degrees. The evening of 
the day of operation the pulse rose to 128 Hut slowly 
dropped to 92. Simultaneously with the increase of 
temperature the pulse rose again to 128. There was 
no evidence of meningitis, and the wound was healed 
except for the drainage openings. 

The patient became subconscious and complained 
of bladder tenesmus. Radiating pains in the thigh 
developed and the entire right leg was markedly 
weaker than it had been during the latter few days* 
The muscles of the thigh were contracted. The evi- 
dence of irritation pointed to a focus in the leg center. 
On October 23d, under chloroform narcosis, I opened 
the entire wound, which required the knife for the 
purf>ose, owing to the firm union already established, 
and turned aside the osteoplastic and dural flaps. 
We found a brownish red firmly coagulated clot 
lying on the surface of the brain at the upper portion 
of the exposed field by the side of which clear fluid 
oozed out. When this was removed the correspond- 
ing surface of tlie brain glistened, but was slightly in- 
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filtrated with bloody exudate. A few strips of iodo- 
form gauze were laid on the involved area and the 
dural and bone flaps replaced after a small drain had 
been introduced. The next day the temperature fell 
to 37.9 degrees, and the following day to 37 degrees. 
The pulse dropped to 104. Restlessness and the 
other symptoms disappeared. Repair of the wound 
occurred without further complications. The tam- 
ponade was renewed with sterile gauze every three 




Fig> 35. 

days and continued for fourteen days (until Novem- 
ber 7th), at which time the bone was pushed into the 
space in the skull. As hernia cerebri did not develop, 
the bone healed into place without disturbing the 
normal outline of the skull. (Fig. 35.) On Decem- 
ber 29th the patient was discharged. In the other 
case of Jacksonian epilepsy the disturbances were 
the outcome of 

Retention of Fluid 

The patient, a feeble boy, aged twelve years, had 
quite overcome the effects of excision of the hand 
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center (Observ^ation L 5)* The temperature had 
risen once, on the evening of the day of the operation* 
to 38,5, the pulse to 136. On the second day the 
record showed temperature 37,5^ pulse, 96. Despite 
this the patient at this time Ijecame restless and vom- 
ited persistently, although he had quickly recovered 
from the effects of chloroform after the first opera- 
tion. There was no interference with the move- 
ments of the head, and indeed, he showed no symp- 
toms of meningitis* His appearance was unfavorable 
and the general condition so enfeebled that he did 
not retain the smallest nutritive enema* As the con- 
ditions continued to grow more menacing and en- 
dangered life, I hf ted, on the third day after the opera- 
tion (October 27thv 1907) the large osteoplastic flap 
(60x80 mm.) and the dural flap (50x78 mm*) empty- 
ing out a small quantity of coagulum and a large 
amount of cerebro-spinal fluid. After the introduc- 
tion of vioform gauze the (hira and suj^erficial flap 
were^ replaced without suture. The next flay the 
patient retained a soft boiled egg and four rectal 
injections of 100 cm\ each* The color of the face 
improved and was no longer greenish yellow, as it 
had been the day before. Improvement continued 
with slight fluctuations. On October 30th the flaps 
were again lifted and the gauze removed. At the 
site of the cortical excision a single strip of gauze was 
introduced which was removed on November 2d, 
The dressing continued to be saturatet! with cerebro- 
spinal fluid until November Kith, The flap was not 
sutured, but nevertheless healed in place on the level 
with the contiguous skull without any residual bulg- 
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ing. On November 29th the boy was discharged, in 
perfect physical and mental health. Six months 
later the patient reported in perfect health. 

Unfortunately, I am unable to explain the severe 
symptoms which presented as the outcome of the 
comparatively moderate local findings. In none of 
the other numerous cases subjected to operation for 
epilepsy did I observe similar manifestations. 

Oedema and Softening of Brain Substance 

Even in thoroughly aseptic wounds oedema and 
softening of the brain may occur, in the region of the 
operative field. 

These changes are, as regards intensity, primarily 
dependent upon the extent of surgical trauma. If 
the operation be restricted to simple cortical excision 
for Jdcksonian epilepsy, the more or less extensive 
paralysis immediately following the operation disap- 
pears at the end of a few days. The characteristic 
disturbances dependent upon removal of a certain 
motor center, however, remain. (See Chapter on 
Epilepsy.) If traumatic degeneration develop in 
the contiguous brain tissue additional paralyses ap- 
pear, which are dependent upon involvement of adja- 
cent foci. The process is not necessarily accompan- 
ied by systemic manifestations. The symptoms of 
oedema and softening appear usually, if at all (which 
is not frequently the case), about a week following 
the operation, and disappear in a short time. 

Following removal of tumors the process is likely 
to be quite extensive, the outcome of severe trauma 
to the brain substance. The cause of these encepha- 
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litic, oedematous softening processes as they may be 
designated, may be explained as follows. The 
growth of the tumor has exercised a harmful pressure 
upon the invaded brain tissue, the extirpation has 
necessitated division of blood vessels which also has 
robbed the surrounding parts of nutrition. Division 
of nerve fibers always provokes cedematous saturation 
and swelhng in the region of the trauma, as has been 
observed in the peripheral nervous system. All these 
factors aided, perhaps, by small hemorrhages cause a 
condition of softening, which, in the majority of 
cases of aseptic operations, is limited to the imme- 
diate neighborhood of the operative field and does 
no great harm. On the other hand the process may 
extend and lead to a fatal outcome, as shown in the 
following instance. 

The patient, a laborer, aged forty-four, (Observa- 
tion III, 5) was subjected to operation March 15th, 
1904. I removed a cortical glioma from the lower 
portion of the anterior central convolution after deh- 
gating the approaching veins, excising an area 
35x39 mm. in diameter and 20 mm. in depth. (Plate 
XXI.) The wound in the brain was covered with 
vioform gauze, over which the dural flap was laid. 
The osteoplastic flap was replaced and held vdth 
sutures except for a small area. 

The dressing was changed on March 21st. The 
wound was healthy and the gauze strips were re- 
moved. The general coiiditioii of the patient was 
satisfactory. On Mnrcli iOth the scar was normal, 
but a pulsating prolapse the size of a walnut pro- 
truded from the anterior inferior angle of the incision. 
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The patient stated that on this day the movements of 
the right leg were less certain and weaker than imme- 
diately after the operation. On April 12th the pro- 
lapse appeared considerably flatter. The general 
condition remained good. Appetite and intestinal 
functions were normal; however, the patient com- 
plained of intermittent headache. From the 29th of 
March the right lower extremity showed paretic 
symptoms. On April 4th clonic spasm of the quad- 
riceps appeared* The aphasic disturbances which 
had followed immediately after the operation became 
more marked, though the psychic functions remained 
normal. The conditions in the trephine wound con- 
tinued to improve. On April 20th the still decreas- 
ing prolapse showed signs of dermatisation and by 
April 26th the hernia had receded to the level of the 
surrounding skin. 

However, the general condition of the patient be- 
came worse, vomiting occurred once. In the next 
few days the vomiting increased and the paralysis 
increascfL though no spasm occurrccL Beyond the 
headache no symptoms of brain pressure developed. 
Choked disk did not appear. After the 29th of 
April the patient did not speak except to answer ques- 
tions; urine and ficces were passed involuntarily. 
The next day the general condition was slightly bet- 
ter. From Mav 1st matters took on a worse form, 
the left side of the body became paralyzed and deglu- 
tition became difficult. Up to this time the pulse 
remained below 76 and the temperature normal- 
May 2fl the pulse was 98 in the morning and 110 in 
the evening, respiration 28 to 30. Death supervened 
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on the morning of May 3d after paralytic and bron- 
chopneumonic symptoms appeared. Vomiting and 
convulsions did not recur. 

Autopsy showed the surface of the brain richly 
covered with thick veins which quite effectually ob- 
scured the fissures. The sagittal end of the left 




Fig. 36 

fissure of Rolando corresponded to ja point 4 cm. in 
front of the posterior pole of the left cerebral hemis- 
phere, which latter measured, from its anterior to its 
posterior aspects, 19 cm. The fissure of Rolando 
met at the point designated the longitudinal fissure. 
Two and a half centimeters inferior to this point the 
anterior central convolution presented a defect which 
corresponded to the site of operation. (Fig. 36.) 
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The contiguous convolutions were slightly tinged with 
yellow. The irregular anterior border of the defect 
encroached upon the frontal convolutions. Frontal 
section disclosed beyond the defect mentioned the 
fact that the greater part of the left cerebral hem- 
isphere was infiltrated with dark red and black 
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hemorrhages (the dark areas in Fig. 37 and 
Fig, b, of Plate XXI), which extended toward the 
median line to near the longitudinal fissure and 
downward to the level of the fissure of Sylvimj in* 
volvingj however, only the white substance* The 
gray matter was not invaded, the crus was not in- 
volved, and the process had extended between the 
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cerebral peduncles and the optic thalina, leaving the 
basal gangha unatfected* 

It was evident that the bleeding had begun beneath 
the fissure of Rolaniioand extended throughout the en- 
tire left hemisphere, inv^olving an area of 1 1 cm. Judg- 
ing from the anatomical and microscopical findings 
death had been caused by hemorrhage and softening. 

In some instances a fortunate 

Discharge of Degenerated Brain Substance 

occurs and the threatening symptoms disappear, 
This is illustrated by the following case (Observation 
IV, 1). A woman, aged thirty-seven, had been sub- 
jected to removal of a fibrosarcoma, the size of a 
mandarin, from the left island of Reil (page 78). At 
the end of twelve days following the enucleation, a 
quite complete paralysis of the opposite arm occurred, 
which was followed by paresis of the lower portion of 
the face and muscular weakness of the leg a few days 
later » The aphasia which had improved after tlie 
operation became again manifest, speech disappear- 
ing entirely. The involvement of motor centers con- 
tiguous to the site of removal of the tumor justified 
the belief that the cause of the paralysis was either 
an cedema or softening of the resfjectivc foci in the 
central region. In addition, the patient showed some 
evidence of irritation, headache, pain in the wound, 
and increased pulse rate (100), Though the temper- 
ature did not rise sharply the remissions w^ere more 
marked than had previously obtained. The con- 
sciousness was dulK though this cleared up in a few 
days. The paralysis, however, remainefl for several 
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weeks and gradually cleared up entirely while speech 
returned but slowly. During this time the drainage 
opening discharged at first large quantities of serous 
secretion together with disintegrated particles of brain 
substance, which gradually lessened in amount. 
Further details of the case are related in the clinical 
history. 

I This observation would seem to teach that a policy , 
il of non-interference together with close espionage of;' 
j ihe manifestations is justifiable. Every attack upon; 
the brain, indeed, the comparatively simple reopening 
of the osteoplastic wound involves additional trauma 
to and pressure upon the brain substance, which may 
cause softening. On the other hand the discharge of 
disintegrated brain substance was manifestly of bene- 
fit in this case. Much experience and some good 
fortune are requisite to enable the observer to deter- 
mine what is best in a given case. 
This sort of 

Superficial Necrosis of Brain Substance Contiguous to 

Tumors 

has been but rarely encountered by the writer. They 
are not of importance, and will be discharged sponta- 
neously provided the avenue of egress be of suflBcient 
dimensions. A secondary operation may, however, 
be requisite if the necrosis occur beneath a healed 
trephine opening, and the process has not created 
a mode of egress at some distant part. In the case 
just mentioned the trephine wound had healed except 
for a small opening at the lower anterior angle of the 
wound, where the end of the gauze tampon had 
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emerged. At this place a fistula remainedj which 
(lid not heal despite the cessation of the discharge of 
hrain substance and a small thin drainage tube was 
inserted. Removal of the drainage lube was fol- 
lowed in a few hours by clonic contraction of the mus- 
cles of the opposite side of the face and hand and 
forearm. At the same time the patient who, up to 
this timCj had been entirely free from symptoms, 
became restless and complained of headache, which 
originated from the site of the trephine opening. 
When the drain was re-inserted a few drops of thin 
fluid pus were discharged, and the symptoms 
promptly disappeared* As the conditions did not 
im{>rove, and each attempt at discontinuance of the 
drainage was followed by recurrent*e of the symp- 
toms stated, it was concluded that a necrosis existed 
in the direction of the drainage whicli was located 
obliquely backward and upward under the bone flap. 
The drain entered the area to 1^ cm, from its point 
of exit at the anterior border of the wound. 

Eleven weeks and a half after extirpating the tu- 
mor I exposed the bone in the direction of tlie drain 
with an oblique incision, and made an oj>ening in the 
corresponding portion of the bone flap with the burr, 
the size of a silver quarter of a dollar. The bone was 
normal in appearance. The opening exposed at 
once the grayish red brain , which was covered with 
blood vessels of the arachnoid and pia- (The dura 
had been removed at the time of the operation of 
extirpatioti/) Immediately below and beside this 
normal l)rain area a surface the size of a finger nail 
and of bluish yellow color presented, which was evi- 
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dently a thin layer of necrotic brain tissue. The 
sound introduced through the drainage opening 
reached this spot. The necrotic area was excised, 
using the sound as a guide, and the latter pushed 
through, making a counter opening for drainage at the 
posterior asj>ect of the original trephine wound. 
There was no exudate present. Introduction of a 
drain l>ehind and tamponade with vioform gauze of 
the wound ended the operation, which healed by 
granulation in a few weeks. 

It is e\ident that the spontaneous discharge of 
brain substance had not resulted in removal of all of 
the necrotic area. The trephine wound had healed 
posteriorly and the resisting osteoplastic flap pre- 
vented complete separation and discharge of the 
dead tissue. The fistula, which was 5 cm. long, was 
too narrow for the purpose, and only after a free 
avenue of approach had been made behind did the 
latter heal. If the technique employed would not 
have accomplished the desired end, it would have 
l>een necessary to split the bony roof of the fistulous 
tract with the Gigli saw or excise a narrow strip 
with the Dahlgren forceps. 

Discharge of Cerebro-spinal Fluid 

Cerebro-spinal fluid constantly trickles from the 
surface of brain prolapse in considerable quantity 
and especially so from the site of the wound in the 
brain itself, saturating quite rapidly the dressings. 
The illustration on Plate XXIII shows the fluid pour- 
ing over the field of operation . In one case of ex- 
ploratory incision into the motor zone, which dis- 
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closed a tumor of inoperable dimensions, the subse- 
quent discharge of cerebro-spinal fluid was so large 
in quantity as to arouse the suspicion that the lateral 
ventricle had been invaded. The autopsy performed 
several months later proved the contrary. 

At times the amount of cerebro-spinal fluid dis- 
charged bears a relationship to the size of the hernia. 
1 have observed variations in this connection in two 
instances of trephining for removal of neoplasms 
which proved inoperable. If the discharge of fluid 
was free the hernia became perceptibly smaller and 
less tense. This always occurred when large quan- 
tities of clear fluid had been thrown off for several 
consecutive days. As the lateral ventricle had not . 
been opened in either instance it seems fair to assume I 
that at these times the oedema had been relieved by jl 
the discharge of fluid. 

The outflow of cerebro-spinal fluid may not occur f 
even if large openings be made in the dura, if there 
be no increase of intracranial pressure at the time of 
the operation. In any event the loss of cerebro-spinal |/ 
fluid ceases very soon if the wound is sutured. For 
this reason immediate repair of the wound is desirable. 
Under these conditions the dressing remains dry and 
need not be changed until healing takes place. 

The loss of considerable quantities of cerebro- 
spinal fluid influences to some extent the condition 
of the patient. Patients complain of headache, es- 
pecially marked at the posterior aspect of the cra- 
nium, feel weak, are apt to hold the neck rigid, though 
no other symptoms of meningeal irritnlion appear. 
Considerable rise of temperature frequently acconi- 
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panies the sTmptoins just related. WTien the dis- 
charge of fluid lessens in quantity the symptoms 
promptly disappear, I have also observed these 
manifestations (minus rise of temperature) * in some 
cases after extirpation of the ganghon of Gasser^ 
when the dura has been torn while separating the 
upper surface of the ganglion because of firm ad- 
herence to the former. In these instances the brain 
itself is not invaded, and this proves the contention 
with regard to the influence of loss of cerebro-spinal 
fluid Ijetter than operations on the brain. 

On the other hand, the well being of the patient 
depends upon maintaining the outflow of cerebro- 
spinal fluid as shown in cases o|>erated upon for 
hydrocephalus. In these cases arrest of the outflow 
gives rise to headache and other tlisturbances. In 
this connection I may state that considerable risej^ 
temperature occurs when the dressing becomes drr- 

If for any reason infection occure, the trephine 
w*ound must be at once freely opened. The entire 
diseased brain area must be exposed in order to de- 
termine the necessity for incising the brain, enlaiging 
the o|^ning in the l>one or of sphtting the dura. 
deati spaces should he lightly packet! with sterile 
iotioform gauze and drainage strips intrmJuced, The 
wouml should be kept open until healthy granula* 
tions appear. 

Brain Prolapse 

III a pre%ious chapter* the writer has already 
stated that primary suture of the wound should be 
made whenever jiossible. A great disadvantage of 
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I leaving the wound open is the consequent occurrence 
of hernia cerebri. Even though intracranial pressure 
is relieved and thorough asepsis has been observed, 
and the pi a lie uninjured, brain prolapse may occur in 
a few days to a sufficient degree as to preclude closing 
of the wound with sutures, although, indeed, this is not 
frequently the case under the conditions mentioned. 
In one case (an epileptic youth of eighteen), an un- 
usually severe hemorrhage in the region of the longi- 
tudinal sinus necessitated leaving several force[)s in 
situ. The exposed brain surface which had not been 
injured was taniponetl. Three days later the tam- 
pon and forceps were removed under light narcosis. 
The bleeding had ceased, but the brain bulged so 
tensely from the opening in tlie dura that the osteo- 
plastic flap could only be sutured at its sides, and, 
indeed, this was accomplished with considerable ten- 
sion. Above at the sagittal as|>ect of the wound a 
strip 2 cm. in breadth was left o|)en, and this was 
filled up witli tensely protruding brain substance. At 
the next dressing (six days later) the prolapse had 
receded and the brain lay at its normal level. Twelve 
tlays later tlie wound was healed and the trei)hine 
area did not extend beyond the normal outline of 
the skulL 

If it is feasible to close with suture the major por- 
tion of the wound, and tampon beneath the flap, the 
undesirable occurrence of hernia is most generally 
obviated. If the opening be small, hernia occurs 
(when the three factors mentioned above obtain) only 
w^hen the injury to the pia mater is located imme- 
diately beneath the bone wound. 
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If it in fmirifi iMH^ejiiiafT to miuritain tamponade for 
H (irolofi^ed [K'riod of tiiiie ^if the pia be injured)^ the 
priilii|m- may reach eriormoys <Jiniemions as shown 
in Fi((. <% on Fhile XXIIL Tliis patient (twenty- 
ei^'ht yearn of age) was sent to me by //, Opfyenheim 
vvitli a diai^noKiM of neoplasm situated in the middle 
portion of the eentral eonvohjtion and the eontlguous 
pjtrietal Ui1h». (ObHervalion V, 1.) 1 made the tre- 
[>hine o(K'raliori. fashiuniii^ a flap 78x90 mm, on 
March "iWh, lIXMi, and followed with the second 
wta^e on A[rril "iiL After making the dural flap with 
itM l>ime towiird the sa^nttal Hue to avoid invasion of 
tlie Inn^iliHlinal siniLs, J luund in the situation men- 
tiunetl two suhetirtieal abscesses which were sepa* 
rateti by a chaphragnu (Plate XXII, Fig. a.) The 
«bN(*e.N8es were sacculated, and when opened the lower 
one was founcl to be the size of a digital phalanx and 
\\\v ii|>|H^r one that of a |ikim» 

The tlividing wall was incised and the two cavities 
converted into one, (Plate XXII, Fig. b.) The 
abscess cavity was uietl with a thick, hard mem-- 
hrane. Kxtirpalioti f the membrane (the pus was 
full of luln^rcle baccilli) was abandoned because of 
collapse of the patient at this time and the wound 
cavity was tamponed. On April 11th a spherical 
prolapse protruded through the o}>ening in the bone. 
The entire tuberculous focus (6i mm. high, 4-0 mm, 
wide and ^8 mm. thick) was removed with the closed 
scissors, a portion of the contiguous normal tissue 
lieing included in the enucleation. Narcosis was not 
employed, \ Plate XXIII, Figs- a and b. i Iodoform 
gauze tamponade of the wound was made. On April 
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14llx, the dura! flap wluch had shrunk considerably 
was placed over the area. 

The il hist ration (I'late XXIII, Fig, c) was pre- 
pared by the artist during a change of protective 
dressing, while the head was resting on its ocei[)ut. 
The prolapse was very soft in consistence, about one 




Fig. 



and a half the size of an adult fist, and sagged down over 
the posterior edge of the wound* At its dependent 
portion a fold was formed which looked not unlike a 
double cliin. Where tlie brain substance had been ex- 
cised (which part was slightly less protulierant than 
the rest of the prolapse) cerebro-spinal fluid constantly 
trickled drop by drop. The lateral ventricle had not 
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been opened during the operation. On May 3d, the 
general eonditioii of the patient and the local mani- 
festations permitted of plasUc closure of the wound, 
chloroform narcosis being employed for the pur|M>se- 
The skin surrounding the wound was reflected to a 
sufficient extent to permit of approximation of the 
edges of the wound by suture^ though tliis was ac- 
complished under considerable tension. Small open 
spaces remained, however, which^ at the sagittal 
aspect of the wound were about tlie breadth of the 
finger. In this situation the dural flap formed a sat- 
isfactory covering (page 34), By June 7th, the 
wound was entirely healed. The trephine area 
bulged but verj^ shghtlj beyond the normal outline 
of the skulK iFig, 38.) 

Treatment of Prolapse of the Brain 

As appears from the report just offeretl it is appar- 
ent that I attempt to cover the prolapse with the 
surrounding skin in order to obtain healing, even 
though this be accomplished with considerable ten- 
sion. As this procedure was effective in tlie difficult 
case just related it follows that the method is more 
readily successful in the event of smaller, less pro- 
nounced protrusion. Relief from the small extru- 
sions is obtained as the result of light but |>ersistent 
pressure by the u[>plication of several layers of gauze 
held in ^ntu with strips of adhesive plaster* In in- 
stances whert^ the wound has Ijeen aseptic and no dis- 
charge of cerebro-spinal fluid occurs, I liave seen pro- 
trusions the size of a hen*s egg l>econie derma tised 
without plastic aid. though occasional iippHi aliens 
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of copper sulphate crystals were made. At times a » 
certain degree of protrusion of the healed area has 

III 

been maintained for some time, though indeed, these T 
ultimately disappeared as the result of cicatricial 
contraction. 

How long conservatism and consequent delay in 
the application of radical measures may be justified 
is illustrated in Observation XIV, 3. The patient, a 
woman (aged thirty-six), was subjected on July 26th, 
1899, to trephining by the v. Bergviann bone section 
method, the bone being resected. A large foul- 
smelling abscess located in the temporo-sphenoidal 
lobe was opened. The abscess cavity (4 cm. in 
diameter) was freely incised throughout its entire 
extent, the opening being made from before back- 
ward. The space was packed with iodoform gauze 
at intervals until August 4th. During this time a 
hernia formed which, by August 12th, reached the 
size of a large apple, and by August 20th had be- 
come still larger and markedly tense, displacing the 
external ear downward, causing its border to come 
in contact with the lobule. In accord with the dis- 
charge of a large quantity of cerebro-spinal fluid the 
prolapse slowly diminished in size without anything 
being done beyond the application of moderate pres- 
sure with dressings. On September 14th the pro- 
lapse had entirely disappeared, the granulating brain 
substance lying on the level with the opening in the 
skull. The patient was discharged from the Poly- 
clinic two days later. Several weeks later the wound 
had entirely healed and the pulsating scar was no 
higher than the level of the surrounding skull. 
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r Amputation of the prolapsed brain is deprecated 
\r by the writer. Of course, it is true, that the greater 
portion of the protrusion consists of a^dematous, sat- 
urated tissue, the product of inflammatory infiltra- 
tion, and that brain substance does not form a large 
proportion of the extrusion, also that removal by sec- 
tion of small hernia3 does not do much harm. How- 
r ever, the protrusion recurs very soon after its ampu- 
tation, if plastic repair of the normal restraining 
I tissues be not made at once. For special reasons 
I amputation of the prolapse is justified, as is illus- 
trated in the case mentioned above (page 146). 

The conditions are quite diff'erent and more diflS- 
cult to surmount when the prolapse occurs together 
with increased intracranial pressure, the result of 
tumor, hydrocephalus, hemorrhage, abscess or in- 
flammatory products; indeed, from any cause. In 
these instances the brain crowds into the opening in 
the skull (especially if the causative factor, which 
has increased the intracranial pressure, is not dis- 
covered at the operation or is not removed) with 
such force as to convey the idea that its replacement 
into the cranial cavity is impossible. Yet this may 
be accompHshed by elevating the upper portion of 
the body, replacement of the osteoplastic flap and 
suture of the latter, even though this be done under 
considerable tension. *Thus, gradually, closure of 
the wound will be achieved throughout its greater 
extent, and the portion not susceptible of approxima- 
tion will be exceedingly small. If it be necessary to 
keep the trephine wound open with tamponade, while 
increased intracranial pressure persists, enormous 
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prolapse is likely to occur. The prolapse disappears, 
however, when the cause of the increased intracranial 
pressure is removed. In abscess of the brain, for 
instance, as has been shown in the illustrative case 
cited above, the hernia disappears when the inflam- 
matory product recedes and the entire process may 
end in complete healing. 
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In a wide sense prolapse of the brain includes 
those protrusions of the trephine area which occur 
as the result of recurring tumors, or when removal 
of the neoplasm has been impracticable. Depend- 
ing upon the technique of the procedure, they are 
covered by skin and bone or skin alone, or in the 
region of the cerebellum also by muscle, and in addi- 
tion are also covered to a greater or lesser extent by 
scar tissue. It would be more consistent to differ- 
entiate these conditions by designating the form of 
protrusion just described as hernia in contradistinc- 
tion to those extrusions which protrude from the cra- 
nial cavity without the coverings mentioned. 

An example in this connection is shown on Plate 
XXIV. This case was one of a woman of fortv-four, 
which has already been quoted (page 135), from 
whom I removed a tumor located at the cerebello- 
pontian angle on June 22d, 1905, The picture was 
taken in April, 1906. 

In a general way the diagnosis of cerebral tumor 
is not attendeii with especial difficulty. Its localiza- 
tion is, however, an exceedingly difficult problem. In 
operating for cerebral tumor the surgeon must at all 
times retain the reservation that even after extensive 
osteoplastic resection of the skulK the tumor may not 
be found or again may not be susceptible of enuclea- 
tion. The latter contingency is more likely to l>e ]>res* 
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ent in cases where the tumor is located beneatli the 
cortex than if it be a cortical process. Under these 
circumstances no other course remains than clo- 
sure uf the wound with sutures. Under the latter 
circumstances it is not rare to find a palpable im- 
provement of the symptoms following the operation. 
The gradual elevation of the trephine area compen- 
sates for the lack of distensil>ility of tlie normal cra- 
nial vault. As a consequence the intracranial ]>res- 
sure is lessened or disappears, and hand in hand 
with this the disturbing symptoms are relieved. 
These favorable manifestations have led to the estab- 
lishtnent of artificial cerebral hernia or so-called de- 
compression trephiniujr in cases of ncm-localized cere- 
bral tumors. 

The technique of decompression trephining 
does not differ essentially from that descrilml above* 
HoTsleif removes large sections of bone for the pur- 
pose, and expresses himself as opposed to the osteo- 
plastic resection as is employed and strongly recom- 
mended by the writer. In order to obtciiii an effective 
vent it is, of course, necessary to fashion a large osteo- 
plastic flap to allow for widening of the edges of the 
breach with the biting forceps. The latter is accom- 
plished after the periosteum is removed. The width 
of excised bone should be no less than 1-2 cm. and 
sliould extend around all four sides of the oj>emng. 

The fhua mater nuist be opened widely. It is 
true that I have seen several cases of tumor extir(>a- 
tion wliich have shown a certaiJi improvement as re- 

^ On the Ti*i Liiiquc of U)H*riiti()iia an tlie C\*iitrii] Nen'ous Sysleni, Britith 
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gards compression symptoms after the first stage of the 
operation, when the dura had not yet been invaded. 
In one case the patient had been somnolent and 
suffered from violent cephalalgia. Raising of the 
osteoplastic flap was followed by normal mental op» 
eration, the patient took part in conversation and par- 
took of food with evident relish. The reason for this 
lies in that the lessened intracranial tension finds less 
resistance in even the slightly more elastic dura tlian 
obtained before the bone was sectioned. For the 
purpose of decompression trephining these excep- 
tional occurrences do not enter into consideration. 

In this operation the forcible protrusion of the 
brain, which occurs immediately upon incision of the 
dura, is exceedingly disturbing; indeed, in some 
instances, the extrusion is sufficiently great in extent 
to tear the soft investing membrane and the subja- 
cent cortex as they come in contact with the sharp 
edges of dura and bone. This causes serious dis- 
turbance of function, and at times provokes hemor- 
rhage with consequent cedema and extensive prolapse. 
To obviate this as much as possible 1 employ meas- 
ures similar to those applied to abscess drainage, 
(page 103.) I make the dural flap considerably 
smaller than the bone opening and obliquely incise 
the rim of dura protruding from the skull with blunt 
scissors at each corner of the wound as far as the 
angles of the bone wound , forming thus four smaller 
dural flaps which are reflected outward over the 
rough edges of the boncj effectually covering them. 
A similar method is employed by lieremwsh/^ 

The technirjue described also permits of coaptation 
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by suture of the osteoplastic flap, which is accom- 
plished without drainagOj in such a manner as to 
bring the superficial wound at some distance from the 
edges of the opening in the bone. If the skin flap is 
made several miUimeters larger than the bone flap, 
the line of union in the former corresponds to the 
middle of the breach in the skull. The basal dural 
flap is made to cover the brain and soft membranes 
and prevents contact of these tissues with the lamina 
vitra. 

To obviate tearing asunder of the line of union, as 
is quite liable to occur in cases of large brain herniae, 
Harvey Cushing proposes a temporal siibmiis- 
CUlar method.' whicti he describes as follows: A 
curved incision is made parallel to and 1 cm. below 
the origin of the temporal muscle. In front it reaches 
to the beginning of the hair area? and behind ends 
somewhat lower down on a level with and behind the 
pinna of the ear. The skin and superficial fascia is 
reflected downward exposing the temporal fascia* 
The fascia, together with the muscle, are incised in 
the direction of the fibers of the latter at its middle, 
i- e,j downward and forward, exposing the perios- i 
teum* The edges of the deep wound are forcibly )^(*^ ^ 

retracted and the periosteum scraf>ed away to the j 
extent of the exposed area. A portion of the squa- 
mous plate of the temporal bone is no^v i^moved, \ / 



comprising an area 5 to 6 cm. in its vertical and 8 to | ^ m ^^^'^ i ^ 



The EHtablLHltnieiit of Cerebral Hemia, etc. "Sui^gery, Gynv!CoIoiu and 
Olistetrics," VtJ. 1, October. 100.^ No. 4. 



10 em, in its horizontal diameter, employing a biting ' ^ ^ / . ^ 
forceps for the purpose. The dura is carefully sepa- l^'' t | v / 
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rated during this step of the procedure to avoid injury 
to the branches of the middle meningeal artery. 
After making the breach in the bone Cushing excises 
the dura to the extent corresponding to the opening 
in the bone, not, however, until after the posterior 
branch of the middle meningeal artery is deiigated. 
The muscle fibers and fascia are approximated with 
buried sutures, and the superficial fascia and skin 
closed separately and without drainage. 

I have several times employed the Cushing method 
and wish to state that it is not always feasible to sew 
up Jhe incision in the temporal muscle. In one case, 
that of a woman of thirty-four, who was aflflicted 
with a cerebral neoplasm which, judging from the 
symptoms, seemed to be located in the middle cranial 
fossa, the brain bulged so tensely from the trephine 
opening that it was impossible to unite the separated 
muscle fibers. The sutures were drawn upon very 
forcibly and threatened to incise the brain. The 
same conditions obtained in the effort to suture the 
temporal fascia, and I was forced to content myself 
with approximation of the skin wound, an accom- 
plishment which did not of course comprehend the 
Cushing method. 

Again, in another case of large inoperable tumor 
of the brain, the bulging cerebrum forced asunder the 
wound, which had united primarily and protruded 
in several places in the form of mushroom prolapses. 
The autopsy made two months later disclosed the 
fact that the tumor was located quite some distance 
from the trephine opening. Prevention of these 
complications — for which we are always prepared — 
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is not obtained as the outcome of emplo}Tneiit of 
the Ciishing method. In this connection 1 have 
found it serviceable to locate the basal attachment of 
the bone flap to one side and that of tlie dural flap 
in the opposite direction. If the osteoplastic flap is 
elevated by increase of intracranial pressure and the 
edges of the bone become separated* the broad base 
of the dural flap on the opposite side has a tendency 
to prevent the occurrence of prolapse. 

The immediate dangers of decompression trephin- 
ing are not great, and the operation may disclose the 
location of the tumor and decide the question wliether 
it be operable, presenting thus a blessed palliative 
measure. It is analogous in this regard to gastro- 
stomy in cancer of the oesophagus, colostomy in inop- 
erable sigmoid cancer and gastro-enterostomy in in- 
operable carcinoma of the pylorus. In addition the 
measure also, like those mentioned, prolongs life. 
Of no less import is tlie relief afforded in cephalalgia, 
vomiting and disturbances of vision. The first men- 
tioned symptom is perhaps the most menacing, for 
the prolonged vomiting soon leads to exhaustion, 
which is not relieved by any other measure. Choked 
disk disappears, indeed, in some instances, with as- 
tonishing rapidity, and vision improves, provided 
that the dptic fibers have not been subjected to the 
strangulating influence of oedema for too long a time, 
and thus patients escape until death from the most 
distressing of afflictions — blindness. This is of the 
more import for the reason that choked disk occurs 
very often early in the course of the disease, before 
the other more c haracte ristic symptoms apjicar. 
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Lastly, convulsive seizures become less frequent, 
delirium disappears and vertigo becomes less obtru- 
sively disturbing. 

Horsley advises execution of the operation as soon 
as neuritis optica appears. His experience leads him 
to conclude that the measure is ineffective in this con- 
nection only, when the neoplasm involves the optic 
tracts themselves. At this time it seems proper to 
state that in most instances the optic neuritis involves 
only the side corresponding to the seat of the neo- 
plasm. 

Beyond this Ilorsley has called attention to the 
fact that subacute encephaUtis may produce the symp- 
toms common to tumors of the brain, and that in this 
class of cases decompression trephining affords relief. 

The measure is of less value in the majority of 
cases of rapidly growing tumors located at or near 
the cortex of the brain. More especially glioma and 
gliosarcoma, which are diffuse in character and in- 
volve wide areas of cortex or white substance, pre- 
sent unfavorable conditions in this connection. Es- 
tablishment of a vent affords only temporary relief, 
and soon the progressive growth forces the osteo- 
plastic flap upward, and even though union of the 
wound may have taken place the line of incision is 
separated or the scar undergoes degeneration. The 
contents of the skull is extruded and cannot be re- 
strained in any way. Each amputation or cauteriza- 
tion simply invites renewed protrusion. In cases of 
this sort the free use of morphia affords the only 
available modification of the distressing physical and 
unfortunately also, the mental suffering. 
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The Hamburg neurologist, Alfred Saenger, who re- 
ports favorable results following paliative decompres- 
sion trephining* advises tha^inj;ij;h^^ 
the opening in the skull be made over the right cere- 
bral hemisphere, in the parietal region, behind the 
posterior central convolution, t. e.^ corresponding to 
an unimportant cortical area. 

The rij^ht temporal region may be properly men- 
fioned in this connection* However itnportant cor- 
tical areas may be injured in the Cmhinif method* 
Autopsy shows that the breach in the bone usually 
corresponds to convolutions located l>elow the fissure 
of Sylvius. In all instances the lower secticm of the 
central region is involved, that is, the centers for 
tongue, lower jaw muscles, anrl inferior branch of the 
facial nerve. For this reason, viewing the subject 
from the Cnshing aspect, t^o-sided deconii)rcssion 
trephining (which seems to him to be rarely indicated) 
should not involve removal of the dura on Iioth sides 
so as to oBviate tearing of the brain substance, as the 
bulging brain protrudes beyond the rough edges of 
the opening in the bone, avoiding thus simultaneous 
trauma to botli cerebral hemispheres. 

In cases of suspected cerebellar tumor which have 
not been definitely located with re.s[>ect to the side 
involved, I use the technique described above (pages 
45 to 48), which may also be employed as a decom- 
pression measure. As this region is covered with 
thick muscles which afford ample protection, the tre- 
phining may be |)erformed with resection of the bone, 

* On Paliative Trephining m Inoperable Brain Tiimors to Obviate Thrtiat- 
enin^c Blindness* KUni^f^fw MtmatjtbiaeiteT fuer Augtnkeilhmde. XI^Vi 1907, 
Fell, P. 145. 
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The following example is offered as illustrative of 
decompression trephining* The patient, a man, aged 
thirty-one, gave a history of daily vomiting, attacks of 
syncope, vertigo, violent headache, and occuisional 
convulsions of one year's standing, to which partial 
paralysis of the left side of the body was latterly 
added. When he came under observation double 
choked disk and a few small hemorrhages in the 
retina were discovered- While under espionage the 
convulsions were observed to begin with contractions 
of the left arm and extend to the rest of the body. 
One hour after tlie general convulsion ceased the 
left arm remained feeble and the left side of the face 
remained paretic. In view of the fact that the pa- 
tient had already been subjected to large doses of 
potassium iodid, and we further treated him with 
mercurial inunction for four weeks without effect, 
the right motor cortical zone 'was exposed in two 
stages. 

The dura w^as found to be veiT tense and did not 

.I- 

pulsate. As the dural fla]>, with its base directed 
sagittally, was made, the brain protruded at once 
through the opening (\^ Inch measured 6 cm, in 
breadth and 7 cm. in its vertical diameters) with such 
force as to burst tlie i>ia and cortex in several places. 
At the same time about a tetLspoonful of clear fluid 
was dischargetL As the exposed brain presented no 
evidence of disease the forearm and head centers 
(Fig. 40, 1 and *2) were located by monople irrita- 
tion with a rather strong electric current. Irritation 
of the thumb and index finger foci provoked the 
same kind of convulsions as had been previously 
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however, no tumor was discovered, nor did the 
cortex present any patholo*i;ical alteration. The 
operation was arrested and the wound closed by 
suture* 

Immediately upon return of consciousness the left 




Fig. 41 



arm was completely paralyzed, antl the next day the 
left leg also became paralyzed. During the follow- 
infj three weeks a lart^e prolapse formed, and the 
anterior and posterior portions of the wound burst 
asunder. The anterior prolapse dermati^efl com- 
pletely, leaving a scar the idth of tlie Hnger. The 
posterior portion of the wound still presented a 
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all directions, extension of the foot was lessened in 
force, active motion of the toes was impossible. The 
patient went about comfortably, using a cane as a pre* 
cautionary protection. The bone flap was movable 
and elevated about 2 em, above the outline of the 
skulL The fundus of each eye was normal The 
operation may be regarded as having acted as a 
decompression trephining. 

The attending physician writes that at the end of 
a year and a half the patient was again afBicted with 
convulsions, which were soon followed by uncon- 
sciousness, cerebral compression and death- No 
autopsy- 
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In the operation of trephining it is not always fea- 
sible to preserve the bone. In cases of extensive 
trauma, sarcoma of the cranial bones, tuberculosis 
and various other diseases, the bone must be resected 
to a greater or lesser degree. Small defects are 
filled, in the adult by formation of a firm cicatrix 
rendering additional repair unnecessary- In chil* 
dren, when the periosteum has been preser\'ed, 
osseous repair takes place at the edges of the defect 
as the result of new bone forming from the perios- 
teum and to some extent from the dura, which latter 
membrane has the same character as the former 
with respect to its outer layers, wliile the center of 
\ the area is filled up with scar tissue. Large defects 
] at times lead to serious disturbances of the general 
and mental functions, and, indeed, may be the 
causal factor in epilejjsy. I^arge cerebral hernia? 
occur when the dura is sacrificed. In these instances 
an attempt should be made to remedy the affliction 
by the application of a firm truss. If this proves inef- 
fectual or produces disturbances plastic repair should 
be made, bearing in min<l, however, that the Failure 
of meclianical restraint is the indication for operative 
reparative etfort. 

One of the liest methods of plastic repair is that of 
Koenig anrl Jf ne!lef\ an illustration of which follows* 
(Observation XI, 1 .) The case was tliat of a man aged 
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twenty-four^ who was afflicted with a sarcoma of tlie 
dura, which had extended to and through the pos- 
terior aspect of the cranium. Nine days after extir- 
pation of the growth (January 30th, 1902) I made a 
plastic repair of the residual defect. 

The defect presented mthin the area shown cov- 
ered by the plastic flap (Fig. 42). The osteoplas- 
tic flap was taken from the place designated i, its 
pedicle being directed toward the right side of the 
head. The defect shown at h does not, however, 
represent the exact size of the original gap, as its 
edges were undercut and partial approximation made 
with retention sutures at the time of the operation. 
Traces of the location of the three sutures are visible 
in the picture* This markedly reduced in size the 
raw surface. It must be borne in mind that the soft 
tissues of the repair flap shrink quite a little after it 
is formed, and in order to close the bony defect the 
former must be made considerably larger than the 
latter. The incision is carried through the scalp and 
periosteum to the bone- A furrow^ is cut in tlie skull 
down to the diploea at the edge of the periosteal 
wound, employing a grooved chisel or the Bon hardt 
plovvburr for the purpose. The outer layer of bone 
is then carefully separated from the inner laminae 
vitne with a flat, slender cliiseh The thin layer of 
bone may be inadvertently fracturetl during the 
manipulation, but this makes no difference, provided 
separation of the periosteum is avoided. The latter 
is quite essential to the preservation of the osteo- 
plastic flap. In the region of the pedicle the flap 
consists only of scalp and periosteum for a space of 
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Thi* ilhistnition ^Fig, 4^ ) represents the conditions 
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on February 24th, that is, five weeks after the repair 
was made. The flap ( Fig* 42 a) was entirely healed 
at that time, and had made a firm union* The defect 



Result ttfler Koenig-MueHer osteofilastic ojieration. fi4 days 
after extirpatian of perforatiiij^ san-oma of tin* dtira, diinng 
which the right cerebellar hemisphere and th<^ fK*stcrii>r pole 
of the right occipital lobe were exposed. Observation XI, 1, 

(&) was granulating* and after a flat sequestrum (c) 
had separated, was closed, Marcli 5th, by means of 
Thiersch transplantation. The ultimate result is 
shown in Fig. 43 drawn from a photugnipli taken on 
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xipril 15th, 1902. The liairs at the edges of the Hap 
were cut away in order to make visible its out hue. 
The patient was discharged May 14th, 1902* 

V. Hacker and Garre employ subcutaneous and 
subfascial periosteal bone flaps by sliding. Garri' 
makes the scalp flap so large that the defect is also 
exposed in order to observe carefully the latter. 
The repair flap consists ^nly_of_ periosteum and— 
like the Koenig method — ^the outer layer of the bone. 
This he slideii into the bone opening in a curved line 
comprising 90 degrees. The periosteum is sutured 
around the edges of the defect. If the periosteum 
becomes separated from the bone during the manipu- 
lation, the bone alone is placed into the defect, 
Shoidd this layer of bone, as happened in one of 
Garry's cases, become curved convexly on its chiseled 
sidcj its outer smooth surface is brought in contact 
with the granulating dura and the periosteum placed 
over the raw ^surface separately and sutured as 
dcscribeih In tliis event the operation is not a flap 
plastic but consists in placing into the defect a 
living portion of bone which is entirely separated 
from the body. 

In some instances the cranial bones are too thin to 
permit of employment of the osteoplastic flap metliod. 
It is tlien necessary to em])loy other methods, some of 
which are quite satisfactory. Use of portions of 
bone from the patient is a useful measure. Alter 
injury to the cranium the loose pieces of i>one may be 
employed for the iiurposc, provided the wound has 

^ Ose&T Sohr, Ztir Tetlinik ik'f Sc-tuiwirl-plfL^ilik, v. Bmiis, Btitniegt ziir 
KlinMieti ChiTurgk. Bd. St-ite 405, 1907. 
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been rendered aseptic. This method is illustrated 
in the following ease. 

The patient, a man, aged thirty-one, had fallen (June 
10, 1899) a distance of several nieteri^, sustaining a 
compound complicated fracture of the left parietal 
bone. When primary unconsciousness had disap- 
peared, the presence of paresis and loss of sensation of 
the right hand became manifest* As is usually the case 
the lamina interna was more widely splintered than the 




Fig. 44 



externa* The dura, which was not torn, presented 
a deep indentation, the fragments were entirely loose 
and driven inward. After removal of the fragments 
they presented an oval outline measuring 5,5x4,9 
cm. (Fig. 44). In order to exsanguinate the pieces of 
bone they were at the time of the operation sub- 
merged in a five per cent, carbolic acid solution for 
one day and boiled for one hour on the three subse- 
quent days in a normal sodium chlorid solution and 
then preserved underwater seal in the latter medium. 
On the 15lh of June the iodoform gauze, which had 
been introduced into the wound at the operation, was 
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removed with great rare in order to avoi<l bleeding, 
Tlie four larger fnignients (a, b, c, d) were laid on 
the dura and their edges slightly pushed under the 
surmunding himinte vitm. The skin was sutured 
over tlie an^a witliout drainage, and the dressing 
apphed with motlerate pressure. After healing with- 
out reaction the implantation area showed (July 
6th) a sUght tlepression; closure of the defect, how- 
ever, was com]>lete. The pulsation which on June 
30,th had been finite disccM'nihle had disappeared. 
The paresis of the right arm had already diminished 
Mild ultimately disap[jeared except for a slight weak- 
ness of the ulnar group of muscles. The patient was 
presented at the meeting of the Physicians Iweiety in 
IIaml)urg, on ilay 8th, 1900» quite recovered. 
(Deutsche Med. Wocltenschrift, 1900. Vereins- 
heilage.) The indentation was at this time still 
pn\sent. 

On April 18th, llJOl (two years lalerl, the patient 
was examined for the last time by the writer. The 
bony closure was mmplete. and inelastic. There 
were no cerebral di,sturbances and no loss of function 
beyond a lessening of sensibility in the last three 
fingers. A letter receive<i in the latter part of Augiist, 
1907, informs me that there had lieen no change in 
the scar, that the patient sufTere<l no pain, felt j>er- 
fectly w elL and w as alile to follow his occupation, that 
of a machinist. Instead of reeraplanting the frag- 
ments, tlat jM>rtions of the tibia or other bones may 
be chiseleil otT and employed for the purposes How- 
ever, ns laceording to our observation i boiletl, i. f,, 
dead pieces of l>one, are effectual in this connection. 
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it is just as well to use portions of bone taken from 
the cadaver or amputated limbs which, of course, 
are readily obtainable* Before placing the particles 
in dfu they should be repeatedly boiled for long 
periods of time. Soda solution must not be used for 
this purpose as it is likely to soften too much thin 
sections of bone. 

Bone tissue may be replaced by other material 
for the purpose as, for instance, the method of ^4- 
FraenkeU who closes tlie defect with a celluloid plate, 
or metal plates of aknniimm or silver may be used. 
Lastly, the silver filigree of Wiizel may \ye introduced. 

In the same manner small splinters se[jarated 
during trephining may be used to close the defect. 
V. Bramann peels back the periosteum and removes 
narrow strips of bone from the contiguous skull with 
a flat chisel and uses them to cover the breach in the 
bone. If jiortions of bone entirely separated from 
nutritive connections are nsetl a favorable outcome 
depends largely upon complete arrest of Ideeding, 
suture of the i>eriosteum and the fact that the grafts 
are intimately associated with living tissues. In 
fact very large portions of bone may be used in this 
May. Indeed, ten years ago I removed a piece of 
the anterior surface of the tibia (8 cm. in length) 
together with its periosteal covering, and transplanted 
it into a ilefeet in tlie anterior asj>eet of the }>elv7s 
wliicli was left after excision of a large osteosarcoma 
of the OS pubis, witli favorable result. At that time 
1 regarded utilization of the periosteum as exceed- 
ingly important, a belief which has been proven to 
be true by Lexer. 



Craniocerebral Topography 



When the diagnosis of a pathological focus in the 
brain is made and its location determined with 
respect to a certain area, tlie trephine o|)ening 
should, as closely as possible, correspond to its seat- 
For this reason the relationship of the cerebral con- 
volutions to the surface of the cranium should be 
determined with accuracy. While we owe recogni- 
tion of the original and most extensive observations 
in this connection to the anatomists of France, the 
importance of the relationship of the fissures to the 
convolutions is the outcome of the painstaking labor 
of Adolph PiimchJ The more accurate and more 
closely defined the recognition of the physiological 
functions of various portions of the Ijrain are, and 
consequently the more certain the diagnosis of the 
location of lesions is, tlie more reliable a pathfinder 
will cranio-toiKigraphy be and less extensive surgical 
trauma will be necessary to achieve the intent. 

Localization is most readily accomplished when 
the situations of the hssurcs of Rolando and Sylvius 
are determined. The simplest method of arriving 
at a conclusion in this regard is the 

Kroenlein Construction 
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which is taken from his own illustration and shown 
in Fig. 45* 

In order to rapidly locate these two lines Kroenlein 
employs ii craniometer made for himself by the instru- 
ment makers, Hanhart d* Ziegler, of Zuerieh, It is 
my practice to delineate these lines on tlie shaved 
scaljj twenty-four hours before the operation with 
the nitrate of silver stick (Fig. 46). 

The following additional lines are outlined on the 
scalp : 

1. The base line (the German horizontal line) is 
in accord with the Frankfurt agreement drawn from 
the lower rim of the orbital cavity, backward through 
the highest point of the external auditory meatus. 

2. The upper horizontal line parallels the first 
on a line with the upper edge of the orbital cavity. 

3. The front vertical fZ) line runs vertically 
between the first and second through the center of 
the zygomatic arch. 

4. Tlie middle vertical line (A) crosses the center 
of the articular knob of the inferior maxilla. 

5. The posterior vertical line (^l) crosses the pos* 
terior edge of the mastoid processes. 

The linea Rolandi (RP) connects the intersection 
of the front vertical and the up[ier horizontal (K) 
lines at a point where the posterior vertical meets 
the median line (P). 

The linea Sylvii f KS) halves the angle ( Pkk,) . This 
is prolonged backward to the posterior vertical line. 
Further elucidation may be obtained from Fig. 45. 

Kroenlein bases his work^ on the ob*;ervalions of 
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Fig. 45 

Kraenlein'x Construct ion tVir locating the central sulcus, ar 
Fi liis u rf it f Si/ivitts on ihv s u r 1 a c t- 
A' — Division (il* fissure of St/inus 
S = Ftjsttfrior i^nd af fisburi- ()f S^lvitf^ 
R = LtKwor end of central huIous 
P= Uppt r end of central sulcus 

(From Kromkht in r. BcrfrmaHti'^^ HiindUouk of Practical Sti 
Tliini editit»n, l^HJT, \'oL i, ]i,ipfe ;>,S1) 
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A. Froriep\ whose construction in general is figured 
with respect to vitrious forms of skulls, takin^i; into 
account short* high or long low forms of heads. In 
the first class of cases Froriep thinks the brain is 
crowded toward the forehead and would indicate 




Fig- 46. 

Location of the fissures of Rolando and St/imtar 
according to the Krveulein construction 



that the fissure of Rolando lies farther forward 
(frontipetal type). In the latter class the hrain 
appears to make a turn upon its horizontal axis and 

' Auguiit Froriqn Zur KentitnLis der Ijagt?l>e2iehun^n zwinchen Grtisshim 
urid Sc^medeldat^ti bd MetiJichtyi vmcbi^euer Ki>ptforai» Leipzig, bci Veit 
& Co.. 1897. P. 30. 
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Sulcus centralis - - . 



Point of division 
of Fissure 
of Sylvius 

(Sylvian Point) 




Sulcus centralis 



Fissure of Syl- 
vius 
(upper end) 

Fissure parieto- 
occipftalis 
(lateral end) 



German Hori- 
zontal line 



Rim of Orbit Kxternal auditory canal Prot. Occip. Ext 

Fig. 47 

Example of Frontipetal Type of Brain 




Sulcus centralis 



Fissure of Syl- 
vius 
(upper end) 



Fissure parieto- 
occipftalis 
(lateral end) 



Rim of Orbit 



External auditory canal 



Prot. Occip. Ext 



Fig. 48 

Example of Occipitoi>etal Type of Brain 



Kroenlein Construction 



215 



its posterior is crowded backward^ constituting a dis- 
placement backward of the entire brain, thus causing 
the central sulcus to lie more obliquely backward 
(occipitopetal type). The same respective dis- 
placements of all convolutions and fissures occur in 



anter^ soIcub ccotrmlls 

I / ^ S. inivrpartftaL into ReirOBenfTatit 

^ ' / G, «apfiitiukrirtnalia 

^ ^ LrfKbuL. parjtrL super. 
LoIjuL paricL infer. 



SL frtmtnL nuper, 
O. frontal. »upcr. 

G* frontJiL infi:f. — 
Ram, fWktvr. tx*CKt\d, 

iKam. itnirr, horiz/mt. 



tfiraporal I (super.) 



Riim. pod/rr. horixontaiiM 




Oyr. temporal, lit (Infer.) 

Filf. 49 

Con vo i u tio ns and Fiss u rtts of t h e B ra in 
(From Krtimiein in t\ Btrgmanns Handbuuh dei* praktischeti 
Chirurfne, Third Edition, V\^L 1, i>«g*? €39) 

the same proportion. **The more marked/' says 
Froriep^ loco citato page 28, '*the length of the pos* 
teriorsegment of the skull is and the more the external 
occipital protuberance lies toward the horizontal or 
beneath it, the more certain may the occipitopetal 
type with a corresponding position of the brain be 
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tiken into account. Per contra the frontipetal type is 
lo be e^cpected when the audi to-occipital distance is 
short and the posterior segment of the skull is high/* 

Figs, 47 and 48 represent the two types as de- 
scriljed by Froriep^ though the differences are quite 
strongly drawn. The squares surrounding the sketch 
correspond to the long diameter and the height at 
the ear line of the skull. The inferior edge of the 
orbital cavity is indicated on the audi to-orbital line, 
as is also the location of the auditor}' meatus* The 
dotted line running upward at the latter situation 
makes quite apparent tlie differences in frontiijetal 
or occii>ito|^etal tyj^es of brains. The averaging 
of a numijer of measurements would indicate that 
the most frequent variation in position of the brain 
is that of rotation on its transverse axis combined 
with displacement downward and backward. 

For these types Fnmep empiiasizes that **the 
total length of the skulL rather than the longitudino- 
transverse index, indicates the conditions. If the 
total length is l>eyond a certain dimension the occipi- 
to[)etal type presents and />er canfra. if this l>e fjelow 
a certain measurement the front i|X*tal ty[>e obtains. 
Although the im(>ortance of increased vertical diam- 
eter is not to lie disregarde<l, neither the brachy- 
cephalic nor flolic*e[)halie heads need necessarily pre- 
sent the frontif>etal nor occi]>itoj>etal types of 
brain position/' Thej>c representations of Froriep 
are of importance to tlie surgeon, giviiifj us the rehi- 
tive values of each ty|>e ujion which to liase a method 
of action. 

Beyond the various ty]>es of skulls otiier devia- 
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ttons from standard are to be considered, such as 
race, sex and age. To avoid encumbering elucida- 
tion of the proljlem I proceed at once to a (liscussion 
of the most important considerations in connection 
with the convohitions and fissures of the brain. 

1. The Suclus Centralis (fissure of R^dando) 
generally takes a course in which there are two knee- 
like bends; its situation, therefore, is only determina* 
ble on the calvarium at its upper and lower termina- 
tions. The former is located by dividinj^ in one half 
the distance between the root of the no.se (Nasion) 
and the external occipital protuberance (Inion) and 
measu ri ng back wart 1 f rom t h is 2 cm . {ThaneA^m.), 
Broca employs for the |>nrjiose in addition to tlie 
nasion, which corresponds to where tlie nasal suture 
reaches the frontal bone, the opliryon, which is 
located at the middle of the glabella. Measuring 
backward from tlie oj>hryon in the median line the 
upper end of the central fissure is located 5U/100 
belli nd the former (E. Mame and Woolingham). 
The lower end of the fissure corresponds in the adult 
to a point determined by dropping a vertical line 
through the preauricular depression between the 
tragus and the articular head of the inferior maxilla 
on the upper edge of the zygoma, and measuring 
upward on this line 5 to 6 cm, from the upper edge 
of the external auditory meatus. In children the foot 
of the fissure is located 15 mm, below^ the middle of 
a line drawn vertically from the external auditory 
meatus to the sagittal line. Tliis line, togetlier with 
the fissure, forms an angle of 67 degrees (Hare). 

The central fissure lies in the middle of the ante 



218 



The Surgeky of the Brain 



nor third of the parietal bone, its lower tw^-thirds 
run nearly parallel to the coronal suture, while the 
upper one-third deviates sharply backward. The 
position it occupies is at its lower end 30, at the 
upper 40 to 50 mm* from the coronal suture. In 
women the distances are 27 to 45 mm., and in chil- 
dren 11 to 33 mm. resf>ectively (Poirier). 

As the gyri centralw anterwr and posterior in the 
adult measure at their middle 18 to 20 mm, in 
breadth, determination of the situation of the central 
fissure locates the situation of the precentral and 
postcentral convolutions. 

The Fissure of Sylvius runs with moderate 
ascending ublifjuity from Broea's pterion, which 
latter is lomted near the posterior end of the spheno- 
parietal suture (anterior vertical line 4 to 4h cm, 
above the zygoma) to the middle of the lower portion 
of the parietal tubercle, though it does not in all 
instances i^each quite to the latter point. As the 
fissure varies in development, and with regard to its 
upper teruiiniil end and also varies considerably as 
to its course, the designation just stated is some- 
what unreliable. In the front ipetal ty|je Frariep 
found tlic upper end of the fissure more toward the 
anterior lower portion of the parietal tubercle, and 
in the occipitnjietal type more toward its posterior 
aspect. In children during the first two years of 
life the squamous bone is rjuitc small, and the parietal 
bone reaches to or ex ten* Is l)elow the first temporal 
sulcus. In these instances the fissure of SylmiMs 
is covered entirely h\ \\w jjarietal bone. 

The fissure divides into three branchesj Tamiis 
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anterior horizontalisy ramus anterior ascendens and 
ramus posterior horizontals. The latter represents 
as the main branch the greater part of the fissure. 
The origin of the two anterior branches corresponds 
to the punctum Sylvii {Sylvian point of the English), 
which is located at the pterion. The ramus anterior 
ascendens lies vertically to the ramus posterior 
horizontalis, the ramus anterior horizontalis runs 
from the pterion beneath the sphenoparietal 
suture with reliable persistence in an anterior di- 
rection. 

3. The three frontal convolutions lie with their 
posterior ends in contact with the precentral convo- 
lution, i. e.y about 20 mm. from the central fissure. 
The first begins 1 cm. from the median line, taking 
the longitudinal sinus into account. The second is 
located with its middle (in children, Fere) under the 
center of the frontal eminence, while in the adult this 
point corresponds to the first frontal fissure or to the 
border between the inner and outer two-thirds of the 
second frontal convolutions {Poirier). The third is 
situated about the rami anteriores horizontalis and 
ascendens of the fissure of Sylvius. 

4. The three lateral temporal convolutions occupy 
the space at the side of the brain between the fissure 
of Sylvius and the temporal border. The latter in 
the average corresponds to a line 5 mm. above the 
up[x?r edge of the external auditory meatus, that is, 
in this situation, ver\^ near the level of the upper 
border of the zygoma, and at its middle to the incisura 
semilunaris of the lower jaw, where the lowest point 
of the temporal lobe is usually found (.4. Froriep), 
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7, The sidcus parietulw {intra {mrieial fissure) 
consists of two divisions; its ascending branch con- 
nects with tlie retrocentral fissure, and lies about 
20 mm. behind the central fissure ilVaidcyer). The 
longer horizontal branch runs close to the upper por- 
tion of the tubercle of the parietal bone, 45 mm. 
lateral to the median line, and when it reaches to 
opposite the lambda it approaches to within 33 mm. 
of the latter {Thane), 

8. The parieio'occipiial fissKte. in the occipito- 
petal type of skull, lies with its upper end imme- 
diately above the lambda (tip of the squamous por- 
tion of the occipital bone) or corresponds exactly to 
this point, and in the frontij^etal type and in young 
children, 1 cm, hif^her up and 2 cm, lateral from the 
horizontal line. The lambda is, in the udult, located 
6 to 7 cm, above tlie external occipital [>rotuberanee 
(]nion)j and 8 to 10 cm. behind the upper end of 
the Rolandie fissure. 

Prolongation of the lines KS and KKs of the 
Kroenlein construction ipage 21^) to the sagittal 
line, leaves a space between it and the me<lian line- 
If tliis be divided into three parts the parieto-occipital 
fissure will be found to eorresiiond to about the 
junction of the middle and iipjier thirfls. 

A knowledge of the cfHirse of the fissures of Ro- 
laiido and Sylvius reveals the location of the central 
convolutions, the operciUuni, the temporal lobe and 
also the seat of the frontal and parietal lobes of the 
cerebrum. As the external occipital protuberance is 
palpable in all skulls, the location of the occipital 
lobe is also readily recognisced. 



KhOEXLEIX COXSTBUCTIOK 



223 




Appendix by G. D. Tkme and R. J. Godiet, Tenth Edition, London, 1896. 



Island lif UeiL Tlu* punetuni %/riV desig^nates the iH>Ie of the island, \H |^K*sterior 
end lieij on the linea S^liii mm. bi'hind thii^ |>iitnt. The shaded outline tif the kland 
acts as a guide to the basal ganglia, which extend only slightly beyond it, alniut to the 
outer borders of the main ^Kirtion of the laterjil ventricle. 

The latcrai ventricle is outlined by a dotted line, its three horns (anterii»r, postenar 
and inferior) are also indicated in the same way. 

The fissures of Hofanth and S^lviuM are indicated witli bn^ken lines, 

Heid^x base line (hurizontal line of the skull) is the FrmJ^rter Unie '* of the Gen&ail 
Anthropolofrists, It begins at the lowest point of the inferior edge of the orbital cavity 
and crosses at the highest point of the upper edge of the external auditory meatus* 
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totOy are situated above the external auditory meatus 
and that this opening corresponds about to their 
middle. 

Between the levels mentioned the island of Reil is 
situated, for the exact localization of which addi- 
tional guides are necessary. G. D. Thane locates the 
pole of the island at the punctum Sylvii. A point on 
the linea Sylvii 35 mm. behind this indicates the pos- 
terior end of the island, and the anterior end lies 15 
mm. in front of the punctum Sylvii. The upper 
border runs from behind in a curve through the upper 
end of the ramus ascendens anterior sylvii 
to the anterior upper end, the lower from the posterior 
end to a point 15 mm. forward from the punctum 
Sylvii on the linea zygomatico-lambdoidea, the 
anterior border being outlined by the union of the 
two anterior end points mentioned. (Fig. 50.) 

Kocher's Method 

Kocher, in his widely distributed work» submits 
his own method, which he more completely describes 
in NothnageVs Handbuch,^ based on average meas- 
urements of Hare and Muller and recommends it as 
the best procedure in respect to craniocerebral 
topography. (Fig. 51.) For rapid demarcation he 
emj)loys the idea of John Chiene,^ using an apparatus 
{Kyrtometer) made of flexible steel bands which he 
has modified in the following way: 

» ** Cliinirgische Operationslehre," 5th Edition, Jena, Gustav Fischer, 1907» 
p. 291. 

* Hirnerschuettening, Hirndruck und chirurigische Eingriffe by Hirnkrank 
heiten, in **Nothnagers Spezieller Pathologie und Therapic," Bd. IX, Tcil lU. 
Wien, 1901, Alfred Hoelder. 

' Described by Hare, Lancet, March, 1888. 
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The base of the sktill is encircled with a telescop- 
ing, adjustable band (N O) which is held in place 
with a screw. The lower edge of the band rests on 




Koeher^M Craniometer Lines 

9 Neisxer- Pol lack A b see s s |« n n ts { p . S 3 S) 

^ Points for puncture of the several 
brain lobes 

Ko4*her^s Craniueerebral Method 

the lowest point of the glabella and on the lowest 
part of the external occi|}ital protuberance. This 
band marks the horiicontal circumference of the 
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of the first temporal convolution between the pre- 
central hne and the linea limitans" ; for this reason 
Kocher calls this portion of the line the linea tem- 
poralis 1, because it indicates in front the upper 
edge of the temporal lolje and behind the lower edge 
of the same.'' *'At the point of intersection of the 
precentral line, the linea naso-lambdoidea indicates 
the situation of the anterior entl of the fissure of 
Sylvius^ The posterior end of the line corresponds 
to the parieto-occipital fissure, and at the same time 
the border of the occipital and parietal lobes/' 
When (according to Foirier's statements) the linea- 
lambdoidea is drawn from nasion to lambdoid it 
indicates the course of the fissure of St/knihH only as 
regards its anterior 4 to 6 cm,, and^ indeed barely 
to a vertical line drawn from the anterior border of 
external auditorj^ meatus upward to a point 6 cm. 
above this line. Consequently this calculation is not 
to be recommended for the purpose of locating the 
fissure of Sylvius^ and still less so as the lambda is 
not readily palpable on all skulls. Kocher disregards 
an accurate localization of the fissure of Sylviu.s, and 
is content with locating its anterior end, relying upon 
the first temporal convolution in tliis connection. 

Kocher^ s method is exceedingly valuable for the 
purpose of locating the precentral convolution and 
the frontal convolutions. It is a question, however, 
whether the determination of the precentral region 
is as important as Kocher thinks. I do not believe 
so. It is true that he states on page 298 of his 
Operative Surgery, ''We cannot understand how 
Kratise, after dwelling on the importance of the pre- 
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high, while the location of the fissure of Sylviti/f after 
Kroenlein is correctly marked. 

In the vast majority of my operative cases, which 
have involved invasion of all of the sections of tlie 



Prt^eental fissure with the 

two third ]joints, Central fissure 




ril us t rates Observation III, 4 

With Kocher^x K.vTttmjcter Drawn aceording to Kmtnlein. 

1 and 2 Nei^acr^x puncture jMiints in the anterior central convolution, 
] Leg center J ^ Arm center, 

braifK I have been satisfied with the Kroenlein con- 
struction. Nevertheless I have often employed the 
Kof'her kyrtometer, as it is of service to employ various 
methods for the purpose of determining the location 
of the main fissures. No construction may be re- 
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Puncture of the brain and ventricles may be made 
through the skull for diagnostic and theraj>eytic pur- 
poses- In the latter regard puncture has been of 
service in several forms of hematoma. Ilartmann 
(Gratz) has used the method to advantage, withdraw- 
ing fluid blood from the ventricle after the diagnosis 
had been made by lumbar puncture* The beneficial 
effect of brain puncture in cyst formation is of doubt- 
ful utility, for the reason that cysts frequently are 
complicated by neoplasms (page 58). Also the 
method is of use in intracranial medication. A. 
Kocfier^ following the experiments of Rmix and 
B&rrel, injected antitetanus toxin into the normal 
nondilated lateral ventricle with a fine needle. 

The important role [ilayed by ventricular puncture 
relates to the diagnosis and treatment of hydro- 
cephalus internus,anfi this is taken up under a separate 
head. At this time the diagnostic value of brain 
puncture will he discussed. 

The Neisser-Pollack Brain Puncture 

To Neiififer and Pollaeh belongs the credit of 
placing on a scientific basis the method of brain 
puncture. The history and literature of the subject 
will be found in their report. (See footnote*) It is 

■ Die nimpiitif'tion. Mitleiluri|^n liUA den Grenzgehieten ilcr \Tedidti und 
Ch]rure:ie, XIU, 1904, 
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proper to state, however, in this connection, that 
Middeldorp first bored into the skull for the relief of 
encephalocele, cephalhematoma and hydrocephalus. 
Recently B.Pfeifer' reports the work done in Wernick's 
clinic at Halle, in connection with puncture in cases 
of brain tumor. 

Neisser and Pollack have indicated on the Kocher 
schema all points at which 

Puncture of the Several Brain Sections 

may be made with the greatest certainty of achieving 
the purpose without injuring the middle meningeal 
artery and its branches. I repeat the illustration in 
Fig. 53. 

The two points for the frontal lobe (F, and F,) 
are situated vertically above the middle of the supra- 
orbital border at a distance of 4 and 8 cm. from the 
latter respectively. 

Three points are designated for the central convo- 
lution (C,C\C,)- Next the course of the sulcus 
centralis according to Kroenlein, or with the aid of 
Kocher s kyrtometer, that of the sulcus praecen- 
tralls are determined, which indicate the course of 
the anterior branch of the middle meningeal artery. 
The posterior branch of this artery corresponds 
(according to Pfeifcr) quite closely to the linea naso- 
lambdoidea. As the anterior central convolution is 
18 to 20 mm. in l)readth, I keep about 1 cm. away 
from either c(Mitral line. (\ corresponds to the focus 

' r<'her fxplorativo Hirnj)niU'ti<ui iiacli Scha<Hl(*n)olininu ziir Diajjiiose von 
Ilirntuinoren. Ar:*Iiiv fiKT Psvfhiatric. XIJI. II<*ft "i. Ilabilitalinns' 

srhrijt. 1007, uinl Juhrhiicrher jucr Psiichititrie mid Scuntlogie, Bil. XXVIll, 
1007. 
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Cut taken fmm AVw#fr and Poifnck. Die Hirnpurietum. Mitteilunixen aua 
den Grensnfebkteii, 1 904-, p. 823, In the scheiue for detennining the Cranio- 
cerebral Topography (after PwnVr-/Cfw'/[er) the XeUxer*Pullnck puncture points 

are added. 

S = SeheiteljHtiikt = Midway between A" (root of nose) and (external 
I H'ci pi ta I prot li be ra n ee ) , 
Nf'HO — j¥A\i\iito'^^A or Imse line. 
NSO — Sajjittal tueridian. 
SV - Anterior <tl>lifjiie meridian, Prapcentral line. 
SH = Posterior oblique meridian, Liii ^'i linwtJtns, 

NL — Linea nas<>-landHloidea, l)etwetn ^7'and SH, called tiiiea temporalis 

1 by Kmlu - 

a, D — upper ( ** Third -[WJints ' ' of pr^central fissure. 
K. i> = lower ! 

PM — Tip of mastoid process. 



IS cm. in imtf <tf fiist M 




Pnmt T,. fw iW lrni|vii:f*l Hhsiv?a?v hf^ j to J 
^TTticaUv owr the ortirin %\f i\w evfomal f« As 
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lateral Tentricle is reached, the needle must be veiy 
slowly and cautiously advanced^ at the same time 
making suction with the syringe. In laige ab- 
soes^s the puncture points (Tt and T^) may be 
used- 

For the purpose of reaching cereliellar abscess of 
otitic origin, the best point is K, which, as already 
stated, is located midway between and K,, The 
latter point is located at the most posterior palpable 
point of the mastoid process. Point corresponds 
to the angle formed by the sigmoid sinus, but is suffi- 
ciently far removed from its knee to avoid its being 
invaded. The puncture must be made vertically to 
the plane of the bone. This precaution applie^s also 
to points K„ in puncture of the cerebellum, but not 
to K,. At the latter situation the canula is directetl 
slightly downward and forward, toward the face and 
base of the skulL In this way the bend of the sig- 
moid sinus is traversed, and the lateral anterior por- 
tion of the cerebellum is invaded* Large abscesses 
may be reached from K^. 

Abscesses of nasal origin are puncturetl from F„ 
however, as the anterior pole of the frontal lol>e is 
located medianly at F„ and somewliat below F, ; this 
[>oint would l>e the most rational one to puncture 
were it not for the danger of traversing the frontal 
sinus in the event of the sinus being unusually large, 
A second bony resistance to the entering needle 
would mean that the sinus had been entered. 

All other abscesses located in the me<:iui!arb' por- 
tion of the brain are reached through the puncture 
points indicated with regard to the resf^ective lobes. 
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Extradural Hematomata 

are the result of injury to the branches of the middle 
meningeal arten* when puncture is made at the 
points iiuiicateti by Kroenlein (B ami K». Fig. 45), 
To avoid involvement of these vessek the drill should 
puncture the skull a little pc^terior to these points. 
Hematoma of the posterior eraiiial fossa, which is 
rare, may be reached from the Xeissrr point K,, 

The recortleti clinical experiences of Neiuo' mud 
Pollack have letl to conclusionii which were not ob- 
tainable in any other way. Their positive conclu- 
sions are baseti (hydrocephalus intern us excluded) on 
intracranial hemorrhage, and their resultant residue 
(hematoidin^ on the contents of c\^ls, pus and sero- 
pundent exuilutes, also regiirtliug pathological tissue 
removetl by aspiration (necrotic brain tissue and par- 
ticles of tumors^ and lastly on a case of bloody onlema 
of the pi a in tlie tx>urse of a syphilitic lef^omenin^tis. 
In some instances negative timtinirs cau^l a change 
of diagnosis* %vhich previously pointetl to abscess or 
tumor of the brain. Mcnacin? symptoms «hidi 
might prv>{^ii^r!v have Iwn re^ar^lcil as the outcome 
of the pnxTilur^ never pnwnte^l in the 13S punctures 
matle on i*at!ents by the two ol^rvers mentioned. 

For the di:igntx4s of wtvWIbr cysts, brain punc^ 
tun^ has einplovtHl by Lichtkeim' in two cues, 
anti //. Sehniz" regartis the measure of determining 
im\x^T\ as to the Iih ation of the sid«* involved- If the 
cysts W small ami unfavorably kx-ateil the measure 
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may not avail; again in a case^ in the same clinic^ 
puncture led to a diagnosis of cerebellar cystic tumor 
which proved to be erroneous. 

In my earlier cases I employed brain puncture 
only when the dura or the brain itself was exposed. 
The method is of signal service in all eases where the 
patholo«;ical process lies beneath the cortex and is 
not visible to the eye. The chapter on page 96 may 
be consulted in this connection. Subsequent to the 
publication of the work of Neimer and Pollack I 
have made punctures throuf^h the intact skull, and 
as the outcome of examination of the aspiratetl brain 
cylinders {whicli varied in accord with the diameter 
of the canula up to 1.5 cm.) been enabled not only 
to diagnosticate the pmsence of neoplasms, but have 
in addition l>een able to determine their histological 
character. My assistant. Dr. Emit Heyrnann, has^ in 
numerous instances, subjected freshly obtained speci- 
mens, prepared by teasing^ paraffin inil>edd!ng aiul 
series sectioning, to examination and determined the 
location where the pathological process merged into 
the normal brain substance. 

For the purpose of brain puncture it is important 
to tletermine the thickness of the total brain cover- 
ings, the scalp and the breadth of the space filled with 
cerebrospinal fluid. It is also to be borne in mind 
that the thickness of the skull varies not alone in 
various situations but also in accord with age, sex 
and the individual. The scalp, calvarium and brain 
membranes average in the adult between 1^ and 2 
cm* In the temporal region the skull is considera- 
bly thinner; however, the temporal muscle with its 
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fascial and interfascial fat forms a portion of the 
covering in this situation. In the frontal region the 
varying extent of the frontal sinus must be considerecL 
I have seen it reach to the temporal region in two 
cases* and opened it during the approach to the 
gangHon of Gasser. Beneath the external occijiital 
protuberance the tliick muscles of the neck must be 
taken into account when puncturing the cerebeUum, 
The bone is particularly thick over the posterior fossa 
immediately above the linea nuchae superior. In 
introducing the canula these general facts should lie 
borne in mind. Disappearance of resistance means 
that the coverings of the skull have been penetrated 
and subsequent advance should be made under close 
scrutiny of the graduated canula, the scale acting as 
a guide to the depth of penetration. 

In a general way it may be said that puncture of 
the calvariuni at its various portions is not attended 
with especial difficulty, as the soft parts are compara- 
tively thin. In the temporal region the thick mus- 
cular tissue offers some hinthanee inasmuch as the 
canula does not reach so directly the bone. In one 
instance while exploring the cerebellum at the 
Neisser point 1, in the case of a woman (aged twenty- 
eight) who had an inordinately thick neck, the layers 
of fat prevented my locating the drill hole for the 
purpose of introducing the canula. As w^e regarded 
the puncture as essential the patient was narcotized 
with chloroform and the scalp incised, the periosteum 
pushed aside and the (hira exposed with the burr. 
The puncture was then made through the exposed 
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I follow the tatter method at all places where there 
is danger of injuring a sinus. In the ease of n nuui 
afflicted with hemianopsia, whose case was regarded 
us a possible traumatic hematoma, I punctured the 
pole of the occipital lobe in the neighborliood of the 
transverse and longitudinal sinuses. In this instance 
I exposed with a 15 mm, burr the dura and the upper 
edge of the transverse sinus and then punctured with 
the canula. 

As far as the technique is concerned I under- 
take» in most cases, the puncture without narcosis, 
and after the scalp has been thoroughly prepared. 
For the purpose of anesthesia of the soft parts I 
employ either the chlor-ether spray or inject subcu- 

Fig. 54 

taneously a solution of | per cent, novococain and 
12 drops of 1-1000 adrenalin to 100 cms of water, 
Without incising the scalp a 2 mm* drill (Fig, 54) is 
made to penetrate the skull and bored through the 
skull, taking cognizance of when tlie diploea and the 
lamina? vitra^ arc reachecL I use for the purpose 
the same hand drill 1 use for trephining. To con- 
serve speed and yet not injure the brain, I attach to 
the drill, 1 to H cm. above its point, a metal shoulder 
which prevents the point from engaging beyond this 
guard- The drill is then withdrawn, and while its 
point is still in the skin or while an assistant presses 
firmly the surrounding soft tissues against the skull, 
the graduated canula is introtluced. In some cases 
I displace the skin slightly so as not to have the 
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wound on tlie surface corrcspoiKl to tbe place of 
peoetration of tbe skuIL The depth to wbicb the 
needle i which is, of course* furnished with an obtu- 
rator) is made to penetrate depemls upon tbe purpose 
for which it is introduced. I employ canuke which 
are slightly oblique at their ends, are about 1.8 mm 
in transverse diameter, and have an exceedingly thin 
wall, so as to remove brain c^'UiKJers of sufficient size 
to permit of satisfactory microscopieal examination. 
At first I introduce the eanula alone to determine the 
presence of fluid- If none appears I asfurate. 
Pfeifer recommends for the purpose needles of 
piatino*iridium^ as they do not nist. 

Aspiration is most readily achieved with the Record 
syringe, which has a metal piston- I use the smaller 
one (1 cm'.) wliich is easily handled, but also use 
barrels which hold up to 10 cm'- With the smaller 
size the syringe barrel must be disconnected and re- 
applied ill order to iret a cylinder of sufficient size for 
lite j)urpose, With the large size a single suction 
with the pistoti suffices- 

As the resistance is considerable an assistant 
steridies the in.strunient while suction is being made. 
Despite nil jiiecautioiis a cylinder is not always 
ohtniiicfl liy a sin^^le aspiration, irrespective of the 
Hv/.v nf the syrin^^e employed- In these cases the 
syririjic, tfjgclher willi tlie caiiula, is withdrawn from 
lh(* hrnin, and lis n rule the cylinder follows tlie 
tKH'dlcv. miuivc the cylinder from the needle the 
pi^lt*!! Is shnvly pushed down and the specimen 
**xjw Hi d ititn II sterile salt solution. 

Whvii j^i'Vi^nil (lays, or [HMhaps weeks, after punc- 
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ture the dura is ofiened and the site of puncture 
inspected, it will be found to present a tiny blood 
coagulum covering a slit-Hke opening in the brain- 
At times a few small splinters of bone, the result of 
the drilling, will be found resting on the dura. 

As illustrative of the conditions I offer the follow- 
ing example, which is more extensively gone into in 
the cHnical history. (Observation III, 4,) After 
locating the left anterior central convolution by the 
comlnned Kroenlcin and Kocher methods, the soft 
parts were anesthesized witli a^thelchlorid and the 
skult perforated with the drill over the leg center (1). 
As the canula reached a depth of 2 cm, from the skin 
a considerable cjuantity of dark venous blood was 
discharged • The syringe was now affixed and suc- 
tion made, withdrawing some additional reddish- 
black blood mixed with a few glassy soft particles- 
Microscopical examination of the fresli specimen 
revealed closely conglomerated cells with large clearly 
defined nuclei, Tliere was no interstitial tissue be- 
tween the t^lls, though a few cells contained fine cap- 
illaries filled with blood. The diagnosis of large, 
round-celled sarcoma was made. It was not feasible 
to withdraw a cylinder. 

In order to invade a deeper area the canula was 
advanced an additional | cm,, burj^ing it to the total 
<lepth of 1| cm. in the brain. Aspiration withdrew 
only blood from this situation, which meant that the 
deeper |)uncture had exten<le<l Ijeyonil the tumor. 
Tins act has the objection of being capable of carry- 
ing portions of the tumor into normal tissue. 

A second puncture w^as made in the arm center (2)* 
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The canula was at once pushed to the depth of 3 em. 
and aspiration made. The microscopical findings 
were essentially similar to those obtained from the 
first specimen : sarcoma cells, a few bundles of inter- 




Fijr. 55 

Praecentral fissure with the two ** third-points." Central Fissure. 

According to Kocher's kyrtometer. . . . According to Kroenlein. 

D and 2 Neisser^s puncture points in the anterior central convolution. 
1 Leg center. 2 Arm center. 

stitial tissue and several small particles of yellow 
blood pijiment. 

The first stage of the operation was performed 
immediately subsequent to the exploratory punctures. 
The tumor had extended to the dura to which it was 
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attached over a sraall area^ and had caused consider- 
able changes in the lamina vitra, necessitating 
removal of tlie bone. The first drill opening had hit 
the lower edge of the tumor, and for this reason only 
the superficial portion of the aspirated sfjecimen con- 
tained tumor particles and the deeper parts gave no 
evidence of pathological process. As shown, when 
sixteen days later extirjmtion of the tumor was per- 
formed, the second puncture had entered tiie middle 
of the large growth. This puncture opening was 
located 1 cm, behind the anterior branch of the mid- 
dle meningeal artery. The grooves of this vessel 
were plainly visible on the lamina vitra. The two 
drill lioles in the dura had not caused any alteration 
in the contiguous tissues- The dark venous blood 
which was discharged from the puncture openings 
came from the veins of the dura mater, which were 
adherent at this point to the tumor. At the trephine 
operation there was considerable venous bleeding 
from tlie cortex. This occurrence leads to discussion 
of the 

Danger of Bleeding 

when brain pimcture is made. The branches of the 
middle meningeal arter\% the most of the arteries of 
the brain and the large sinuses are quite reatlily 
avoitled, as they usually follow* a certain definite 
course. Any one who has frcfjuently exposed the 
brain will admit that the veins of tlie pia are not 
susceptible to being standardized in the same w-ay* 
At times very large veins occupy unimportant shal- 
low fissures, and the central sulcus may be occupied 
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by very thin vessels. Besides this they have only two 
coats and are easily injured. In the normal brain, 
with no increase of intracranial pressure, they are of 
course of small diameter, but when the brain pres- 
sure is increased they swell up to a considerable 
extent, and their injury becomes a matter of some 
import. The thinnest of canulse would not offer any 
safeguard in this regard. I have seen the veins of 
the dura dilated to the diameter of a medium-sized 
lead pencil in cases of brain tumor. Also growing 
tumors displace the veins and arteries to so great an 
extent as to make anatomical localization impossible. 
The writer has several times experienced disturbing 
bleeding in making brain punctures. 

In one case, in which the posterior portion of the 
fissure of Sylvius was exposed, the puncture was ac- 
companied by a sharp arterial hemorrhage, evidently 
from an anomalous branch of the artery of the fossa 
of Sylvius. If this accident occurs when the brain 
is exposed and all precautions are taken, it will more 
likely obtain when the puncture is made through the 
intact calvarium. In this instance as search was 
being made for fluid and no attempt to extract a 
brain cylinder was contemplated, a small needle only 
1 mm. in thickness w-as employed. 

In another case, that of a man (aged thirty) who 
was afflicted with suppurative otitis media following 
influenza, and who ultimately died of suppurative 
meningitis, brain abscess was suspected, and I made 
several exploratory punctures, employing a 1.2 mm. 
needle for the purpose. In this connection it is 
of importance to state that because of a left hemi- 
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plegia I drilled through the skull over the right pos* 
terior central convolution at its middle. A sharp 
arterial bleeding occurred- The soft parts were at 
once incised, and the drill hole enlarged with a large 
spherical burr. When the dura was exposed it was 
found that a medium sized artery had been invaded 
by the drill. The bleeding was controlled by encir- 
cling the vessel with a ligature passed with a needle. 
At the autopsy considerable difference in color of the 
two cerebral hemispheres was apparent. When the 
skull was removed the right was dark blue; the left 
greenish white. When the dura was removed the 
right hemisphere J especially at its posterior asjiect^ 
was covered with a thin layer of coagulated blood 
several mm. in thickness, which was readily removed. 
The puncture at the base of the posterior central 
convolution had involved an end branch of the middle 
meningeal artery, as was recognized by the hole in 
the dura. The brain at this situation was slightly 
infiltrated with blood. On the whole it was fair to 
assume that the subdural hemorrhage was the out- 
come of the puncture. 

It is also to be feared that aspiration subsequent 
to puncture may, especially in cases with diseased 
lilood-vessels, lead to dangerous bleeding which may 
invade the ventricle. 

It seems to me that the greatest danger in puncture 
attends cases of angioma racemosum venosum. Con- 
sidering the proposition from the viewpoint of the 
case reported on page 87, it is easy to see how each 
puncture would have invaded one of the thin-walled 
veins which were as large as the finger, giving rise to 
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so violent a hemorrhage into the arachnoid space that 
the patient would have been in imminent danger of 
death despite the fact that he was on the operating 
table, and a rapid trephine opening for the purpose 
of arresting the bleeding could have been performed. 
Even the encircling of the approaching veins at the 
time of the operation, though carefully executed under 
the eye with a curved round needle, was attended 
with portentous bleeding which required prolonged 
compression before it was controlled. 

A diagnosis before the operation was impossible. 
Indeed, one authority who saw the case had recom- 
mended employment of the Neisser puncture a short 
time before the operation was done. I had formed 
certain conclusions regarding the case beyond the 
Jacksonian epilepsy. The progressive involvement 
of the anterior central convolution and subsequently 
the posterior central convolution led me to believe 
that the process was one of a growing tumor or cyst. 
I had discussed the problem with the attending phy- 
sician (who was related to the patient) iind had 
mentioned the possibility of the existence of angioma 
just before the operation, as a short time previously 
one of our best surgeons had lost a patient on the 
table from hemorrhage, the result of injury to a 
large blood-vessel, in just such a case. However, 
the question was one of probabilities and no more. 
Of course angiomata of this sort are exceedingly 
rare; however, this fact does not excuse employment 
of a dangerous measure. 

Pursuant to the symptoms the Neisser puncture 
would have had to be made in the arm center of the 
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anterior central convolution, for the convulsions be- 
gan in this limb. At precisely this point the punc- 
ture would certainly have invaded the smaller con- 
volute, and probably one of the larger veins, and it 
would have been a fortunate circumstance which one 
would not have a right to expect had the needle not 
injured some vessel in this labyrinth of dilated veins. 
(Plate VIII.) Injury to even a small vein would 
have caused a diffuse infiltration of the meshes of the 
arachnoid, so that even under the most fortunate 
conditions the field exposed by the trephine operation 
would, at least, have been effectually obscured. 

The Danger of Infection 

must not be disregarded. Of course, the danger of 
infection from without can be avoided, but this does 
not apply to menace in this regard from within the 
cranial cavity. I illustrate this in the following way. 
(Obser\'ation V, 1.) H. Oppenheim had sent me the 
case with the diagnosis of tumor in the [)arietal region, 
which, indeed, was true, the condition being that of 
a solitary tubercle which had undergone purulent 
liquefaction in two places. Puncture, which was not 
made because of the certainty of the diagnosis, would 
have opened the pus areas, as they were only covered 
by a thin layer of cortical substance close to the free 
non-adherent arachnoid. At the of>eration it devel- 
oped that the pus was under considerable pressure, 
so that the puncture, which vras made after the cortex 
was exposed, caused the pus to ooze out beside it. 
This would have occurred had the puncture been 
made through the intact skull. It is true the pus 
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was not septic and did not contain any staphylo-or 
streptococci I nit was thorouglily infested mth tuber- 
cle bacilli constituting a pure culture of this bacte- 
rium. It may be regarded as a serious matter to 
permit of the invasion of these infeetion-proilucing 
bodies in considerable quantity into the meshes of 
the arachnoid. The only protection against this 
contingency would have been an immediate tre* 
phining. 

In eases of suspected brain abscess it is my universal 
practice not to puncture the brain until the dural flap 
is widely fashioned and turned aside. I then pack 
around in the space between the dura and the brain 
surface with iodoform or vioform gauze strips 
(page 104). 

Beside infection with pus the possibility of convey- 
ing particles of tumors into the contiguous normal 
brain substance as the outcome of pushing the explor- 
ing eanula beyond the limits of the diseased area, is 
to be taken into consitleration. This may generally 
be avoided by proceeding by the * Mayer'' method of 

There are, however. 
Additional Disagreeable Occurrences 

which may Ik* the outcome of brain puncture, as is 
illustrate*! in the following manner. The patient 
(aged twenty-nine I was sent to me by //. OppvNhdm 
with a fliagnosis of a tumor in the left i-entral region. 
This area whs punctured under chloroform narcosis 
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anterior central convolution 1 cm. in front of the fis- 
sure of Rolando^ 3 cm. below the sagittal line. Under 
normal conditions the longitudinal sinus did not re- 
quire consideration ; however, a forcible venous hem * 
orrhage occurred which was projected from the wound 
in pulsating forni* Tlie eanula had j^enet rated 3 cm< 
beneath the surface, that is, as the skull coverings 
were l\ cm. in thickness^ was buried | cm. in the 
brain. Compression arrested the bleeding. Two 
more punctures in the anterior and another in the 
posterior central eonvolutions did not provoke any 
bleeding. The brain cylinders did not reveal any- 
thing determining upon microscopical examination. 
In a few of the specimens from the anterior central 
convolution tliere was an unusual amount of fine 
fibrihir network wliich aroused suspicion of fibro- 
glionuu 

At termination of the narcosis the patient's general 
condition was unfavorable, headache and restlessness 
obtained until nightj though the pulse rate did not 
materially increase nor did it give evidence of in- 
crease of pressure. The sensorj^ aphasia which had 
existed before the punctures was manifestly increased. 
Understanding of spoken language was difficult but 
not absent. These (listurbances receded in five 
days to about the conditions present before the punc- 
tures were made. The paresis of the right arni, 
which had become a complete paralysis, immediately 
subsequent to the puncturing, improved slowly, but 
at the end of ten days was still more marked than it 
had been before the punctures were undertakeu- 
Also the reflexes had become more involved and 
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slow !y returned to the same condition as had obtained 
before the punctures were miide. 

As these disturbances did not recede until after 
five days or later, and occurred on the side opposite 
to where the punctures were made, it is difficult to 
trace any other causative relationship than the 
obvious one- After the extensive trephine operation 
undertaken twelve days later, the patient was not so 
severely taxed as he was after the brain punctures, 
and again the disturbances of nerve centers occa- 
sioned by this operation were overcome at the end 
of the third day following the trephining. As the 
patient had been subjected a year earher to the tre- 
phine operation at her home without formation of a 
dural flap, it was only necessary to incise around the 
original flap and turn it down. This revealed the 
presence of a tumor half the sis5e of a chestnut situated 
at the inferior posterior itngle of the wound. Later 
this proved to have perforated the dura and pro- 
truded beyond the convexity of the brain. The dura 
w^as covered with small areas of blood residue- 
Black blood ooxed from the prolapse* An incision 
carried parallel to the sinus opened a cavity the size 
of a walmit \vliich was filled with dark blood. As 
further investigation revealed the presents of a 
widely disscniitudcd diffuse glioma, extirpation was 
not attempted. Tlie patient was dischargetl with the 
wound healed and the general condition much im- 
proved. 

I have felt it my duty to call attention to the dan- 
gers of brain puncture, not witli the view of con- 
denming it, but to warn against its indiscriminate 
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and planless employment* Also I am too great an 
opponent to unjustified exploratory puncture as ap- 
plied to other portions of the body not to be of firmer 
conviction in tliis respect when dealing with so vul- 
nerable an organ as the brain. My intention is to 
see that the application of a measure which is scien- 
tifically correct and of great service as a means of 
diagnosis does not fall into disrepute- One must 
admit that brain puncture, as indicated by Neuiser 
an^l Pollack, may be properly regarded as an im* 
portant factor in arriving at a diagnosis. It should, 
however, only be employed when all other diagnostic 
measures have been used- At times in this way im- 
portant conclusions with regard to the location, 
extent and character of pathological processes are 
obtained. Especially useful is the measure when the 
characteristic symptoms of brain tumor are not 
clearly manifest. At times the localization is only 
determined in this way when intracranial pi^ssure 
obscures the diagnosis as between involvement of 
the cerebrum and cerebellum, a doubt which unfor- 
tunately arises at times. IL Oppenheim has called 
attention to the fact that in hemianopsia only brain 
puncture can determine whether the diseased focus 
is in the temporal, occipital or parietal lobes. In 
any event the experienced diagnostician who, in 
many instances, is able to localize with certainty a 
tumor^ will more frequently disregard brain puncture 
than those who have not had the same opportunities 
in this connection. 

In order to meet the dangers with as mueli hope 
of success as is possible, brain puncture should never 
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be undertakeD unless ample preparation for imme- 
diate trephiniog has been made, so that the indications 
for measures of relief may be promptly met. 

Vefftiicular Puncture and Veittricular 
Drainage 

Tlie 

Anatomical Situation of the Lateral Ventricle 

must be accurately determined before puncture is 
undertaken. This is shown in Fig, 56, according 
to Thane. The legend explains the illustration. 
Beside this the results of Pmriefs investigations are 
added. The vertical extent of the ventricle is indi- 
cated by two horizontal lines drawn 5 cm- and 2 cm, 
alxjve the zygoma respectively- The deepest point 
in the latter level corresponds to the inferior horn. 
Of the two frontul levels which indicate the limits of 
the ventricle, one is drawn vertically at the junction 
of the anterior and middle thirds of the zygoma and 
corresponds to the anterior end of the anterior horn, 
which is located 6 to 7 cm. l>ehintl the skin of the 
forehead. The other vertical level falls 5 cm, Ijehind 
the point of the mtistoid process, and in<licates the 
point of the posterior horn which is opposite a point 

4 cm. in front of the posterior as]:>eet of the, scalp- 
Laterally from the scalp the anterior horn is located 

5 cm. and the f>osterior horn 4 em. from the scalp. 
The UlsI two measurements are regarded by WaidcycT 
as beinj^ actuallv H mm. less than hen* indicated. 
The inferior horn is* as olitains in regard to the pos- 
terior horn, located 4 cm. from the outer suriace of 




Fig, 56 

hland qf UeiL The punctum %/m indicates the t^le of the island, 
its jwsterior end corres|>onds to a ptiint on the linea Sylviana, hS5 mm. be- 
hind the punctum. The hi cation t>f the island is indicated by the shaded 
lilies, which aUa cnnstitute a tjuide to the situation of the basal ^ranirliat 
the latter extending but httle beyond the borders of the island, about to 
the outer borders of the lateral ventricle. The hirral ventricle is outlined 
by the dotted line. Its threr iuirns (cornu anterius C. a, posterius C* 
inferius C\ i,) are also shown. 

The fissures of Rfiiftmin and S^yfpias are iudic4ited by broken lines. 
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For the purpose of 

Puncturing the Lateral Ventricle 

T, Kocher prefers to invade the cavity in the sagittal 
level at a point which corresponds to this direction. 
His experience causes him to regard the most favora- 
ble puncture point to be In front of the bregma, that is* 
at the intersection of the sagittal and coronal sutures 
He punctures at a point 2 cm, (on account of the longi- 
tudinal sinus 3 cm. is better) lateral from the median 
line, directing the instrument downward and back- 
ward and at the depth of 5 to 6 cm. reaches the dis- 
tended ventricle. Kocher also makes drainage in 
this way. It is his opinion that injury to the opposite 
ventricle is best guarded against if the tube is only 
pushed into the upper portion of the canity and its 
further invasion prevented by fixation in this situa- 
tion. On the other liand v. Bcrgmann punctured tlie 
lateral ventricle from the forehead, drilling into the 
skull at a point close to and a little to the median 
side of the frontal eminence, and introduced into the 
brain a long hollow needle in a slightly downward 
and inw^ard direction until fluid appeared. 

Keen employs for the purpose a lateral approach, 
selecting a point 3 cm. above the external auditory 
meatus. The instrument is introduced in the dii"ec- 
tion toward the tip of the opposite external ear, and 
at the depth of 5 cm. the ventricle is reached. He 
was able to make through and through lavage of both 
ventricles after simultaneous bilateral puncture in 
this situation. Neuser reaches the anterior horn at a 
depth of 2-5 cm. through the frontal lobe from F, (Fig. 
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53), From P and Occ the lateral ventricle is reached 
at the depth of 3 em, from the surface of the brain. 

Pathological accumulation of liquid may be suffi- 
ciently large to dilate the ventricle to a considerable 
extent, indeed, in some instances, the dilatation is 
sufficiently great to thin out the walls of the ventricle, 
giving the brain the appearance of a full bladder, 
Under these conditions puncture at almost any point 
on the calvariura achieves the purpose- In some 
cases of moderate hydrocephalus internus I have 
found it convenient to puncture immediately above 
the transverse sinus, about 2 cm. above tlie external 
occipital protuberance, in the horizontal level, enter- 
ing the cavity either directly forward or slightly 
upward and forward. In this way the posterior 
horn is invaded. Drainage of the lateral ventricle 
may also be accomplisheil in this manner. 

In the case of a girl (aged eighteen), a tumor of 
the cerebellum had been simulated by an enormous 
kyphos of the base of the skull, (Observation VII, 
9.) When the two cerebellar hemispheres were 
exposed the tentorium bulged strongly downwartL 
A seali>el was carried horizontally through the dura 
mater immediately above the left transverse sinus, 
and pushed on into the lateral ventricle. A consid- 
erable quantity of clear fluid was at once discharged. 
A drain, the thickness of a lead pencil, was carried 
along the knife l>lade and introduced into the pos- 
terior horn of tlie ventricle. This step was followed 
by a co|)ious discharge of fluid (estimated at iOQ 
cm\). The patient collaiised as the result of the 
sudden lowering of brain pressure, but reacted 
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promptly after the head was lowered. Now as the 
intracranial tension was reduced the cerebellum 
could be readily inspected on all sides and to a con- 
siderable extent inward. No pathological alteration 
became manifest, and the writer was forced to be 
content with the ventricular drainage. The dural 
flap was sutured into place on botli sides with catgut, 
and tlie sui>erficial wound closed with silk sutures 
except for the point of emergence of the drain- 
After the operation the patient recovered with 
amazing rapidity* During application of the dress- 
ing the pulse rate was 120 per minute and the quality 
good* A few hours later she answered questions 
and partook of large quantities of water witliout 
vomiting. No paralysis of motion or sensation 
occurred. In the evening the pulse was full, tem- 
peratuie 36.7, the same as the day l^efore the oi>era- 
tioiu The further behavior of the case may be found 
in the clinical history. 

In accord with the measurements of Lannelo7igue 
and Mauclaire. [)uncture of tlie inferior horn in chil- 
dren t)etween the ages of two to fourteen, should be 
made above the external iiuditory meatus on a line 
running from the process marginalis of the zygoma 
horizontally l)ackward, parallel with the sagittal 
level to a little al>ove the external oceii)ital protu- 
berance. The inferior horn may also be readied at 
T, and T, {Neuscr. Fig, 53), at the depth of 3 cm, 
from the cortex* 

Puncture of the Fourth Ventricle 

the writer has pcrt'ormed twice, but only after V)oth 
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cerebellar hemispheres had been exposerl at the mid- 
dle portion (Fig. 57) in one instance, antl in the 
other after an entire lobe (Fig. 58) together with the 
occipital sinus had been exposed* The puncture was 
made exactly at the angle of the inverted V(-tI) formed 
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by the dura at the junction of the cerebellum and the 
medulla oblonj^ata (point 1 on both figures)* and the 
instrument introduced in the sagittal level in a for- 
ward flirection at an angle of 45 degrees ujiwanb 
advancing ciirelully Mnd slowly until liquid flowed 
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from the canula- In this way the cover of the fourth 
ventricle is perforated ; however, the important nuclei 
on its floor are not invaded. In both cases no unfa- 
vorable outcome attended the punctures; on the con- 
trary a desirable influence on the brain pressure 
resulted in each instance. 

Subcutaneous Permanent Drainage of the 
Ventricles 

If the tube draining the ventricle is permitted to 
emerge upon the skin, the persistent drenching of the 
dressings with fluid makes prevention of infection 
quite diflScult. This may be prevented, perhaps, if 
the drainage be maintained for several weeks, and 
great care in the treatment be observed. In one in- 
stance of a male patient (aged twenty-nine) ^ who pre- 
sented severe symptoms of intracranial pressure due 
to hydrocephalus internus, I made drainage from the 
temporal lobe* The tube functioned very well for 
six weeks, tlie symptoms moderated, the discharged 
fluid was clear until death supervened, and was found 
free from bacteria after repeated careful examina- 
tions, whicli included attempts at cultivation upon 
various media. However, the patient's condition 
became materially worse during the eight days pre- 
cceling the fatal outcome, though this was not accom- 
panied by any signs of meningitis. Autopsy sub- 
stantiated the chili t-al conception, the brain showing 
only liydroccphalic chiinges* 

Death as the outcome of septic infection is, how- 
ever, the more fre<|uent history in these cases when 
drained in the usual way. Brora has concluded 
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from a study of the literature that children with open 
skull sutures all die when ventricular drainage is 
niade; however, he reports a case of his own which 
recovered as the result of prolonged drainage, G. A, 




Fi^f. 58 
Arch of Atlas 

Sutherland and Watson Cheyne^ use for intracranial 
drainage in hydrocephalus bundles of catgut, which 
they lead from the ventricle to the subdural space, 
Nicholas Senn^ used for the same purpose a thin rub- 

' PedrialJcs, No. 99, IS&9. 

= Subcutftneous Drainage in the Surjrjeal Treatment of Hydrocephalus 
Intemus, The Alicnhi and Xeurolttgijit^ St. Loui-s, August* 1903. V'oL XXI 
No. a. 



tier iimin mhUh h itiU^nde^ to lead the fltitd from the 
¥i*ntneh to imwulh the nkirn and abo h jiupposed to 
nmkt djuitie pnmure on the jfkulL 

Mikidiez' ftltiTiipled to fa(4ljtate the outflow of the 
of flu if I in the ventrifh*^ by ei»tablK4hment of a 
)i4'riiiiia'*fit roiirii'Hioii fK'twwn th** brain cavities and 
thi* Unm' pfirnifHiie ti^itui' Itencath the scalp- The 
iiU'tt waM til (call the ventricular fluid info tissue^ from 
wliieh Hb«or)ttion would take jilace- To carry out 
thlM I Ann he efn[ilt>yed for the purpose a f^old lube 
\t euK in length » with a lumen of 3 mm,, attached to 



II Ihin oval plate 1^ by y euh in width. The report 
of tliin pnireihire dirl not ohtaiti widr rrreuhition, as I 
WHH nol jr\viir<M>f if wUvn 1 tnjide tlieatleniptsde.scnbed 
liH lullowx: 

Till* writer uses for the purpose ii thin-walled gold- 
pliili r[ silver ninula about ^ iiuiK in diameter. A 
HUuih flap, tHMisislinjj of skin ami aponeurosis only, 
nauisuring euu al its base, is cut over the site of the 
|Mi)posed drainii^\ The |H^rioNteum is split longi- 
ludiually and |mshetl aside. The skull is perforated 
with the tinll iFig. wliieh is ^ mm. in diameter, 
am! is the same as I use for |ninetun\ lujury to the 
durji is avoithnL Tlie eanula is teleseo|>ed over a 
holhnv utvdle w hieh it lits snugly, ami earried thn>ugh 
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the dura and into the brain toward the ventricle or 
horn beyond until fluid flows from the distal end of 
the instrument. The perforating instrument is car- 
ried onward an additional J cm, and firmly lield, 
while the needle is withdrawn and a strong steel 
stylet (knitting needle) is introduced into the eanula. 
An incision is now made into the can id a at a point 
1 cm, distal from the level of the bone, employing a 
bone forceps for the purpose. The steel statT is 
withdrawn and the tube broken off at the site of tlie 
incisure. The protruding end of the canula is then 
slit with a fine scissors at its two lateral aspects down 
to the level of the bone, and the two silver tongues 
thus obtained are bent outward until thev lie in 

¥ 

intimate contact with the surface of the contiguous 
bone. This measure prevents the canula from ad- 
vancing farther into the brain. To prevent its 
expulsion the periosteum is postured over the two 
tongues of the canula and fastened with a few fine 
catgut sutures, so as to leave the lumen free* 

Light pressure upon or a slight withdrawal of the 
canula will demonstrate whetlier it is efficiently 
situated, ami this should be tested before the instru- 
ment is fastened in place, A slender probe is passed 
through the camda to assure its patency, after which 
the scalp flap is replaced and accurately sutured. 
The canula opens into the subcutaneous tissue and 
does not come in contact with the suture line. It may 
be permitted to remain in dfii for months if no indi- 
cation to the contrary is manifested, 1 cannot now 
state anything [xisitively with regard to the length of 
time drainage should be maintained. WTien the 
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can u la ceases to give egress to fluid it may he re- 
moved. As this is readily accomplished tli rough a 
simple incision, it is hardly necessary to use an ab- 
sorbable metal like magnesium for the purj>ose- 

At first the ventricular fluid oozes througli the 
stitch holes, but after a time the wound closes and 




Fig. 60 

Seven-year-old boy with hydroeeplialuii thirty days after sub- 
cutaneotis drainage of tlie right lateral vt-titricle throutfh the 
parietal lobf. Thf circumference of the skull had reduced from 
55 to d2 cm. The fluctuating bleb over the right parietal botie 
timid be emjjtied In' pressure and the btnit tonfrues of the cantila 
were then palpable, under the periostciuri. Tin* bleb measured 
4f> mm, in diameter, and was elevated ^5 mnu alKive the bone. 

the fluid aecunni kites in the subcutaneous tissue, 
causing an rpdema, or a bleb (Fig. 00) is formed, and 
the fluid is absorbed » If drainage of the lateral ven- 
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tricle is made in the temporal region the eyelid on the 
same side, or both, becomes oedematous and swollen. 
This disappears, however, in a few days. This oc- 
currence may be repeated at intervals showing that 
the fluid is flowing from the cavity. When the ven- 
tricle contracts, the canula may become obstructed 
by the collapsing brain tissue. In these instances 
fluid slowly escapes beside the canula; however, the 
diminution in the rate of flow is not undesirable at 
this time. 

The position of the tube in the ventricle is shown 
in Fig. 61. A youth of twenty-six, who presented 
symptoms of general cerebral pressure, together with 
clonic spasm of the face, had been under the obser- 
vation of S. Placzek for several months, under suspi- 
cion of a lesion in the anterior central region. Pro- 
longed specific treatment and the serum treatment 
used in the Wassermann institute did not improve the 
conditions. Trephining was done, but no lesion 
beyond an oedematous infiltration of the arachnoid 
was revealed. Puncture of the ventricle caused the 
discharge of so large a quantity of fluid that I made 
permanent drainage of that cavity. The patient's 
condition did not improve, and a fatal outcome fol- 
lowed six days later. The autopsy {Oestreich) re- 
vealed an extensive gummatous basilar meningitis. 
After hardening of the specimen a frontal section 
along the tube was made. The section (Fig. 61) 
shows the canula in the quite collapsed ventricle, 
while the other lateral and the third ventricle are 
considerably dilated. 

I have made permanent drainage of the lateral 
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ventricle three times, for chronic hydrocephahis, frora 
tlie parietal bone, or from the iemporal bone, and 
once from the upper portion of the j^qnama o( the 
occipital bone entering the posterior horn, in 
this way, in order to avoid injury to the motor region* 
This case 1 would like to submit as an example. 
After the scalp flap and periosteum had Ijcen sec-. 




Fig. 61 



tioned, the skull was drilled and the can u la intro- 
duced on a horizontal plane running 3 to 4 cm, above 
the line, connecting the external occipital protuber- 
ance and tlie n]»[>er edf^e of the auditory meatus at a 
point 7i cm, backward from the attachment of the 
external ear anrj 5 J cnu from the sagittal line, in order 
to avoid the occipital pole. The canula was ad- 
vanced horizontally forward, a httle obliquely down- 
ward and inward, and at the depth of 55 mm* from 
tlie surface of the bone ventricular fluid was dis- 
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cliarged, which spurted out in a (juite forcible stream, 
The case was that of a boy (,aged five) who showed 
norraal development until the second year of life, 
when retrograde symptoms became manifest. I'lie 
attendants regarded the condition the outcome of in- 
flammation of the brain and meninges. At the 
fourth year the boy was idiotic, and passed the urine 
and feces involuntarily. The general development, 
with the exception of the head, was normal. 

Examination revealed a marked hydrocephalus 
with open fontanelles. The circumference of the 
head measured 57 em. The rest of the body was 
normally develoi)ed, and no evidence of disease in 
other situations was discovered. The standing posi- 
tion wa.s maintained with assistance, locomotion 
occurred with ataxic forward projection of the legs- 
The child had been timid and nervous since the be- 
ginning of the affliction. Sleep was restless* Beyond 
moderate bilateral choked disk no special symptoms 
presented. On October 1st, 1907, 1 made permanent 
drainage at the posterior horn. The child has now 
worn the canulu for nine months (July, 1008), and 
no evidence of irritation at the site of the operation 
has ap|)eared. During the first weeks following tlie 
operation, a bleb presented at the posterior segment 
of the head which was varyingly tense and limp. 
Since February this has disap]ieared* Written com- 
munications inform me that the boy's general con- 
dition is much improved, the head measures 52 cm. 
in eircumferenee. The mental state is much clearer, 
and what is of importance, the need of discharge of 
the excretions is announced permitting of cleanliness. 
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This case shows that, if carried out as described, 
permanent drainage may be maintained for a long 
time, and that the canula may be permitted to remain 
in situ without causing any disturbances. In this 
regard, at least, the measure is not objectionable. 
As to cure in so short a time, this is, of course, out 
of the question. It will require the lapse of years 
before an opinion may be offered in this connection. 
It is also not possible to state at this time whether 
the canula is still functionating at the end of several 
months, or if it might not be best to introduce another 
tube at some other place. This case is reported thus 
incompletely for the purpose of showing that the 
measure is devoid of danger. 

Whether the measure is applicable to cases of 
acute hydrocephalus the future must decide. 
The only child I operated on for this condition died. 
The boy (four months of age) twelve days after a 
normal labor developed a high fever and rigidity of 
the back of the neck which led to a diagnosis of 

tuberculous meningitis." At the end of three weeks 
the general condition improved, but four weeks later 
the head began to increase in size, and the child 
became totally unconscious. When I saw the little 
patient the condition w^as one of acute hydrocephalus, 
the circumference of the head measuring 56 cm. The 
ophthalmoscope showed pale disks and dilated veins. 
The suture areas were widened and the veins of the 
scalp were tensely engorged. I selected the left 
temporal region for introduction of the canula. 
After making a small skin flap near the upper edge 
of the squamous plate of the temporal bone the thin 
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muscle came into view. The muscle and periosteum 
were split vertically and pushed aside and the bone 
drilled* The dura was very tense and did not pul- 
sate* The entering canula caused discharge of a 




Fig- 62 

Subcutaneous Permanent Drainage of Posterior Horn 
Child (aged 5) operated ujxm October 1st, 1007. Radiag-raph 
taken March, 190H 



liberal stream of clear fluid when the depth of $ cm. 
was reached • 

At first the course of the case w^as exceedingly 
favorable, the temperature remained normal, the 
general condition was good, anil intelligence im- 
proved to a remarkable extent* On the third day 
the circumference of the head measured 53 cm., and 
the veins of the scalp were no longer engorged. 
Fluid trickled from the edges of the scalp flap in 
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Permanent Drainage with Ossified 
Sutyres 

Another question arising in this connection is that 
of whether, in instances in which the sutures have 
closed, t, with stiff, unyielding encasement, the 
establishment of permanent drainage suffices, or, iF 




Fig. 63 

Girl (aired 16). 0^>enLted apon February 19, 1901** 
Pinito^mitihed April I 1908. 
Subcutaneous Pemiaiient Drainage of Lateral Ventricle 
with Formatitm of \*ent. 



in order to rapidly reduce the intracranial pressure 
the formation of an opening in the skull should be 
also made. I have done this in a girl of sixteen* As 
the clinical manifestations pointed to a lesion in the 
right central region, in addition to hy<irocephalns. 
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the motor area was exposed in the usual manner. 
No lesion was found. The ventricle was punctured 
at a depth of 28 mm. from the cortex at a point in 
the upper portion of the arm center. The canula 
was not attached through a new drill opening, hut 
was permitted to emerge througli the anterior bone 
section. The periosteum to either side of the bone 
section was drawn over the two tube tongues and held 
witli two catgut sutures.- The canula did not cause 
any irritation, and has been in siiii for five months. 
The radiograph {Fig. 63) taken eight weeks after 
the operation, shows the tube and the light strip 
around the bone flap which denotes where the bone 
was removed to allow of additional vent. 

In this case the dura was opened for the purpose 
of examining the cortex of the brain. As supple- 
mentary to the permanent drainage it would have 
been sufficient to remov^e a strip of bone and perios- 
teum 1 cm. in width surrounding the bone flap. The 
dura then conforms to the reduction of space result* 
ing from the emptying of ventricular fluid. The 
intradural j>ressure reduces as soon as tlie fluid is 
removed- This factor renders the mechanical con- 
ditions quite different from those which obtain in 
the decompression trephining for inoperable brain 
tumors. Judging from the writer's experience, no 
lasting benefit arises if the dura is not opened in these 
cases, as the growth of the tumor progressively in- 
creases the intradural pressure and makes the dura 
correspondingly more tense. In hydrocephaUis inter- 
nus the dura contracts in accord with quantity 
of fluid expelled, and, indeed, in some instances, when 
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the liuxit of its elasticity has been reached, arranges 
itself in foldsj as I have frequently observed during 
operations. The measures employed for permanent 
decompression have been used for too short a period 
of time to permit of positive conclusions regarding 
their utility. My experience would lead me to be- 
lieve them worthy of trial* I illustrate the proposi- 
tion in the following way: 

The patient, a man (aged twenty-eight), presented 
the picture of severe intracranial pressure without 
any local symptoms of a localized lesion. In view 
of the fact that ataxia had been a dominant symptom 
the trephining o|>eration was |>erformed over the 
right cerebellar lobe, the o[)ening being made to 
extend beyond the median line to the left and upward 
beyond the transverse sinus with the intention of 
opening the dura at a second sittings for the purpose 
of examining the brain itself. The trephining opera- 
tion w'as not followed by improvement of the symp- 
toms, and ten days after the first operation the ex- 
(josed dura was punctured and the posterior ven- 
tricular horn tapped. The ventricular fluid escaped 
in a rather forcible stream. The patient's general 
condition was too much impaired to warrant exten- 
sive operative interference, and in order to achieve 
decompression with the least trauma I made a drill 
opening in the parietal region and established per- 
manent subcutaneous tul>e drainage. At the end of 
eight days the improvement in the general condition 
was so marked as to render additional interference 
unnecessary. 
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Ventricular Tapping as a Preparatory 
Operation 

The formation of a vent in the skull comes under 
consideration together with ventricular tapping in 
cases of brain tumor, in which the accumulation of 
fluid in the cavities of the brain is so great as to con- 
stitute in itself a menace to life. After unburdening 
the brain, when the menacing manifestations are 
lessened, the final extirpation may be undertaken 
under much more favorable conditions. Whether 
simple puncture or the introduction of the silver tube 
should be executed, the future must deciile. 1 have 
seen a life-saving amelioration of the conditions fol- 
low simple puncture. A young man (aged eighteen) 
had been sent to the writer by H. Oppenheim with a 
probable diagnosis of tumor re belli dextri. The 
first stage of the operation was to be attempted while 
the patient was in the sitting posture. After a few 
whiffs of chloroform had been taken pulse and respi- 
ration ceased, making necessary artificial respiration 
and cardiac massage* The operation was now under- 
taken with the patient in the left lateral jjosition with 
the head lowered. As asphyxia occurred again the 
ventricle was punctured 3 cm. to tlie riglit of the 
breirma. About 30 cm\ of clear fluid were dis- 
charged, at first in a stream, later in rapidly falling 
drops. Pulse and respiration improved at once. It 
w as now possible to expose by the osteoplastic method 
the right cerebellar liemisphere, the occipital sinus, a 
part of the left hemisjjhere and tlie pole of the right 
occipital lobe, under light chloroform narcosis with- 
out further disturbance. The dura was devoid of 
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puLsation. To achieve additional decompression the 
posterior horn was punctured above the transverse 
sinus and about 40 cm', of fluid withdrawn, which, 
in this situation also came forth with considerable 
force in the form of a stream, ending in rapidly falling 
drops. After this the dura over the cerebellum and 
occipital lobe pulsated plainly. The pulse became 
irregular for a time, but soon steadied. 

Judging from my other experiences I do not think 
that in view of the patient's serious condition, the ex- 
tensive trephine operation could have been performed 
without the preliminary decompression measures. The 
immediate subsequent beha\'ior of the case was very 
satisfactory. Eleven days after the operation H. 
Oppenheim found that all the severe s^^mptoms 
had disappeared or were largely improved, in- 
deed, the choked disk had moderated consider- 
ably. 

In a case of cerebello-pontian tumor male, aged 
forty-six), I was able to reUeve a severe intracranial 
pressure, after completing the first stage of the opera- 
tion, by simple puncture of the subdural space. The 
measure was followed by the disduirge of a large 
quantity of fluid which was manifestly under great 
pressure, and an effective lessening of the brain com- 
pression symptoms obtained. 

Contrary to my usual custom I offer the methods 
just described before a positive conclusion regardinor 
their utility is possible. However, they seem rational 
to me and are, no doubt, serviceable in lessening the 
dangers of brain operations. 
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Lumbar Puncture 

The Quincke method o|>ens the subarachnoid space 
with a hollow needle at the lower portion of the dural 
sac. The discharged cerebrospinal fluid may lie 
subjected to chemical, bacterial and microscopical 
examinations, also when the canula is connected with 
the water or mercury manometer, the pressure of the 
flnid may be measured* 

When the diai^noisis of brain tumor has been made» 
removal of the fluid by lumbar puncture must be 
avoided. Increase of brain pressure has occurred 
simultaneously with this seemingly unimportant 
measure^ and death has resulted. We will see later 
how firndy tVie medulla oblongata, and especially 
the walls of the fourth v^entricle, may be forced into 
the foramen magnum when the intracranial pressure 
is raised. A sudden deconi[>ression of the spinal 
canal, as obtains with kind jar puncture, may cause 
these vitiil centers to be still more furciblv crow<led 
and their function be endangered. I^owering of the 
head does not constitute a safeguard in this regard. 

This does not apply to the Kroemg pressure nieas* 
uring procedure, as this involves only the withdrawal 
of a fraction of a cubic centimeter of flui<l which 
suffices to fill the recjuisite glass an^l rubber tube- 
In the instance of a patient (aged twenty-seven) who 
presented severe pressure symptoms without local 
indications, justifying localization of a lesion, no dis- 
turbances followed tlie employment of the Kroenig 
pressure measuring apparatus. The in*strument indi- 
cated a pressure of 200 mm. However, as soon as 
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2 cm\ of fluid were withdrawn for diagnostic exaini- 
nation, the patient immediately vomited, went into 
collapse and remained .unconscious until evening. 
The next morning he was still weak. 

In another case (Observation IV, Ij the lumbar 
puncture was also followed by severe symptoms. It 
had, however, the redeeming feature of defining 
more clearly the local symptoms, thus permitting of 
a diagnosis. 

We may conclude from this that lumbar puncture 
as a diagnostic means (its therapeutic value does not 
call for discussion here) should only be employed 
when determining information is to be expected. 

In the adult the normal pressure with the patient 
in the supine posture equals, according to Quincke, 
40 to 60; to Krocniy, 100 to 150 nun. of water. An 
increase beyond 150 mm. is certainly pathological. 
A pressure as high as 700 mm. has been observed. In 
children the figures are only slightly less. The ex- 
tent of pressure does not uidicate the seriousness of 
the affliction. In this regard the rapidity with which 
the pressure rises is of indicative value. According 
to Quincke^ moderate rise of pressure, together with 
severe pressure symptoms, indicate an acute ex- 
acerbation, a slight rise of pressure, a chronic afflic- 
tion. 

The normal cerebrospinal fluid is water-clear, of 
alkaline reaction, has a specific gravity of 1007, and 
is (|uite free from cellular elements. It contains a 
little albumin (0.2 to 0.5 per thousand), and a small 
quantity of sugar. Pathological conditions, of the 
central nervous system are expressed by cloudiness 
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of the fluid and the presence of blood, coagulated 
fibrin, pus and micro-organisms 

The rrresence of blood raay originate from the 
puncture of a vein. This may be avoided if the 
puncture is made in the median Hne under the spi- 
nous process of the second lumbar vertebra, rather 
than when the oblique puncture from the side is em- 
ployed. Blood which comes from a punctured blood- 
vessel coagulates much more rapidly tlian when it is 
mixed ith the fluid. AVhen the specimen is cen- 
trifuged a yellowish color of the blood would indicate 
that the hemorrhage occurred before the puncture 
was made. From a pathological viewpoint the pres- 
ence of blood may indicate hemorrhage from the 
meshes of the arachnoid above the point of puncture 
— the quantity of blood is then small — or arise from 
a cerebral hemorrhage which has broken into the 
ventricle, Harimann (Graz) in two cases of hemor- 
rhage into the brain cavities, withdrew by means of 
lumbar puncture moderate quantities of blood which 
did not coagulate* On the ground of this finding in 
one case he withdrew^ a large quantity of blood from 
the ventricles by lumbar puncture achieving an 
amazingly favorable influence on the brain symp- 
toms. 

When the puncture fluid is left standing a coagu- 
lum separates when inflanmiation is present. This 
does not occur in cases of chronic hydrocephalus and 
with obstruction transudate from brain tumors. 
Cloudinem of the fluid occurs occasicmally with tuber- 
culous meningitis, and is quite constantly present 
with purulent inflammation of the meninges. If it 
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be absent in the latter cases, the presence of a large 
number of cells in the fluid justifies the conclusion 
that pus is present. The presence of large numbers 
of polynuclear cells argues for purulent cerebro- 
spinal meningitis, domination of lymphocytes speaks 
for tuberculous meningitis. 

Quincke's puncture is of value in differentiating 
brain abscess from purulent meningitis; if the fluid 
contains pus or pus corpuscles which cloud it, the 
diagnosis of purulent meningitis is certain; if the 
fluid is clear and shows no abnormahty upon micro- 
scopical examination, abscess of the brain may be 
present, or at least a purulent inflammation which is 
restricted to the membranes of the cranial cavity. 

Characteristic tumor cells from malignant growths 
of the central nervous system have been occasionally 
discovered. In a few instances portions of cysticercus 
and echinococcus have been found. Microscopically 
the presence of streptococci, pneumococci, meningeal 
cocci and tubercle bacilli may be demonstrated. 

The presence of albumin in considerable quantity 
argues against simple hydrocephalus. Traces of 
albumin would indicate an inflammatory or tubercu- 
lous meningitis; also, it renders improbable the 
existence of a transudatory exudate from brain 
tumor. 



Radiography 

In discussing newer methods of examination, 
radiography should be included. Above all other 
means of diagnosis it furnishes the most useful in 

Tumors with Calcareous or Bony Deposits 

as, for instance, in exostosis. If the neoplasm has 
its origin from the lamina vitra and grows toward 
the cranial cavity, its recognition by means of the 
X-rav is an easy matter. However, when exostoses 
originate at the base of the skull, and reach a certain 
size, they, too, will throw a shadow on the plate 
which may permit of a diagnosis being made. Figs, 
a and b, on Plate XXV, show the shadows of an 
enormous osteoma of the right frontal region which 
has grown in both inward and outward directions. 
Fig. a is taken from the forehead; Fig. b from the 
diseased side. 

Tumors of the Hypophesis 

may dilate the sella turcica. //. Oppenheivu in 1899, 
called attention to the fact that this dilatation can be 
depicted on the RoenUjen plate, made of the base of 
the skull and aid in the diagnosis. However, hydro- 
cephalus may cause enlargement of the Turkish sad- 
dle, owing to dilatation of the third ventricle, so the 
diagnosis will rest largely upon the appearance of 
acromegaly. Gummatous process in the region of 
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the chiasm must be taken into consideration in mak- 
ing a differential diagnosis. A. Schueller calls atten- 
tion to the thinning and bowing fon^"ard of the dor- 
sum sella? when a tumor of the pituitarj' body is 
present. The plate of bone lies then on top of the 
neoplasm. At times the entranc*e to the saddle is 
widened and the cavity appears more shallow. 

According to Schloffer^s observations (page 126), 
too much importance must not be given to the ap- 
pearance of the anterior anti posterior clenoid proc- 
ess of the saddle dorsum as, although the entrance 
to the saddle may be enlarged, the tumor ma}" grow 
beyond these in an upward direction. 

Sehueller refiorts an instance of calcareous aneurysm 
of the internal carotid which destroyed the body of 
the sphenoid bone. This threw a convex shatlow 
line on the plate^ the result of calcareous deposit in 
its dorsal walK In the same way caries of the sphe- 
noid, secondarj' to disease in contiguous bones or 
cavities* or the destruction of bone due to invading 
tumors of the base of the skulj would be recognized- 
Interpretation of the Roentgen plate must be care- 
fully made. The fact that the plate is of some dis- 
tance from the Turkish sa<ldie influences very largely 
the information of the shadow. Each turn of the 
head on its vertical axis alters the picture of the cav- 
itv, and when to this is added the fact that in aero- 
megaly an enlargement and thickening of the skull 
is present, it is easy to see that an accurate picture 
of the contour of the base of the skull is not easily 
obtaincfh The shadow should be compared with 
that of the normal skulU and exposures should be 
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made at stated intervals in order to observe tlie exten- 
sion of the pathological process. The examination 
may be regarded as associated with great difficulties. 
In a not inconsiderable number of instances we have 
assumed widening of the sella turcica, in which 
autopsy revealed the contrary. 

The distance between nasion and the anterior wall 
of the Turkish saddle is, as accentuated by Schloffer^ 
quite accurately determined by means of a radio- 
graph, a fact of importance when operative attack, 
especially from the nose, is contemplated. 

Radiography of the skull is of service in other 
re«;ards. The growth of tumors causes secondary 
changes in the calvarlum such as atrophy 
and pressure destruction with thinning of the bones 
and separation of the sutures. When the latter are 
already united their separation is a genuine bursting, 
which usually occurs in young persons. In the latter 
respect I have had, together with H. Oppenheim^ 
under observation, a boy of sixteen, and obtained a 
clear photograph which is reproduced on Plate XXV 
(Fig. c.) (Observation VII, 5, already mentioned, 
page 143). This w as a case of large sarcoma in the 
left posterior fossa of tlie skulL The sutures behind 
the petrous bone api>ear separated several miUi- 
meters. 

In this connection it seems proper to state that the 
cracked-pot [wrcussion note produced on some skulls 
with intracranial tumors may, in some instances, be 
ascribed to separation of sutures, though I would not 
like to be regarded as offering this as the only pro- 
ducing factor. In an;dogy I may state that I have 
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developed the sign in the case of an oflScer (aged 
thirty-three), who had a fracture of the skull of three 
months' standing, and repeatedly demonstrated its 
presence at subsequent examinations. Cracked-pot 
percussion note is frequently obtained in hydro- 
cephalus. 

In a case of cystic degeneration of a large sarcoma 
(Observation VII, 3, also page 68, Plate VI, a), in a 
boy of seven, the sagittal suture burst asunder and 
could be plainly palpated as a shallow gutter. 

At the base of the skull rachitic or osteomalacious 
deformations, which Virchow calls kyphosis of the 
cranial base, may occur. A severe case of this 
sort is reported in Observation VII, 9. The radio- 
graph will reveal these peculiar conditions; also, it 
will make recognizable cartilaginous union or de- 
layed ossification of the basal synchondroses. (Syn- 
chondrosis intersphenoidalis and spheno-occipitalis.) 

The Roentgen pictures give valuable information 
when the bones are altered as the result of syphilitic 
or tuberculous processes. In the latter affliction 
defects in various forms are found, at times appearing 
as holes or excavations of considerable magnitude. 
(Plate XIII and XIV.) An unusually large tubercu- 
lous defect is shown on Plate XXV, d. In syphilis the 
destructive new growth of bone, periosteal thicken- 
ing and bone hypertrophy, which, together with 
excavating defects and diffuse osteoporosis, give to 
the picture of the skull instead of the normal smooth 
outline a peculiar hilly appearance. (Plate XXV, 
Fig. e.) If thickening of the lamina vitra alone oc- 
curs, that is, from the outer layer of the dura mater. 
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tiie cause tif tlie severe |>aiii c*an only he detected! by 
mfans of racliograpliy. Schudler has directed atteo- 
to theae facts and also to tlie asymmetij of the 
sk^ ISfyfi^ in epileptics, which is restricted to the 
of the bones, and could i^t be ttoog- 
ly other way. 
As far as Ifijurlas to the skull and hr$M 

a^<H)iicerned bullets and inetalHr fureign bodies are 
easily recojjnized on the l{t>rttf(jrn plate. Their loea- 
tioii may he determined witli eonsiderahle certainty 
by exposures made at various levels nnd in several 
diieclioil&^ Fractures ane of importance to us as 
their pre^ieiioe have a beanng on e^radural hema^ 
tomata^ The tadiogr&ph shows quite clei^rly linear 
fraetmes which are near the plate And lie vertically 
to its position. Especially do fractures of the ealva^ 
rium, wliich provoked Iiematomata from involvement 
of the mid<]le meningeal artery, come into consideratinn 
\^itlL respect to contemplated operative measures of 
relief. 



THE END 
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